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ACRITICAL REVIEW OF THE PROBLEM OF THE PRESSURE 
IN THE KINETIC THEORY OF GASES, BY WHICH IT IS 
SHOWN THAT THE GASEOUS PRESSURE PER UNIT 
AREA IS EQUAL TO THE ENERGY OF AGITATION 
OF THE GAS PER UNIT VOLUME, AND NOT TO 
TWO-THIRDS OF THIS ENERGY; AND THAT 
THEREFORE THE LIMIT INDICATED BY 
THE THEORY FOR THE RATIO OF 
THE TWO SPECIFIC HEATS IS 
TWO AND NOT FIVE- 

THIRDS.* 


LUIGI D’AURIA 
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A hypothetical gas composed of identical perfectly elastic 


spherical molecules moving in every imaginable direction in a 
vessel from the sides of which they are able to rebound with- 
out loss of energy, and which act on one another only during 
an cncounter, will exert upon unit area a pressure which can be 
accurately expressed by 

P= Qmv, (1) 
in which Q represents the number of molecules which in unit 
time move across a section of unit area, m is the mass of a 
molecule, and v is the mean speed with which the QO molecules 
cross the plane of the section in a perpendicular direction. 

The mean speed v is obviously the same as the mean speed 
which the molecules possess at any instant in any one of three 
mutually rectangular directions in the gas, and therefore, if u is 
the mean speed independent of direction, we can put 

v=u/V3. (2) 
Morever, the product Qm represents distinctly the amount of 
matter which in unit time must flow across a section of unit area 
in the gas in two opposite directions, and therefore, if we denote 
by w the average velocity with which such a flow takes place 


* Read at the Baltimore meeting of the American Association for the Ad- 
vancement of Science, December 31, 1908. 
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in one of the two directions, and by Nthe number of molecules 
contained in unit volume of the gas, we can put 
Qm = Nmw = pw; (3) 
in which p is the density of the gas. Substituting the values (2) 
and (3) in the fundamental expression (1), we obtain 
p=1/N3. paw, (4) 
in which the only quantity unknown is the velocity w. The 
determination of this velocity involves the following problem 
never before considered in the kinetic theory of gases. 

PROBLEM. The molecules of a gas are moving simultaneously 
in any three mutually rectangular directions with a mean speed 
(v); find the mean velocity (w) with which the gas may, at any 
instant, be regarded as moving in two opposite streams in any 
given direction. 

Imagine the gas divided into equal cubes contiguous to one 
another and of a size as small as is consistent with the condition 
that the density of the gas in each cube shall be practically the 
same as the density of the whole gas. The number of such cubes 
in unit volume will be, of course, very large. Now it will be 
observed that we have the right to consider one half of the mat- 
ter contained at any instant in each cube as moving en masse 
simultaneously and perpendicularly towards any three faces 
forming one of the angles of the cube with the mean speed v, 
and the other, half as moving en masse, with the same mean 
speed, similarly, towards the other three faces of the cube form- 
ing the opposite angle. From this it becomes quite evident 
that one half of the matter contained in each cube can, at any 
instant, be regarded as moving in a direction parallel to any 
diagonal of the cube, and the other half in the opposite direc- 
tion, en masse, with the mean speed vy3, simultaneously. 
Hence, one half of the whole mass of the gas can, at any in- 
stant, be regarded as moving in a direction parallel to a di- 
agonal of one of the elementary cubes and the cther half in the 
opposite direction, simultaneously, with the mean velocity 
vv3. As we can change the orientation of the cubes in the 
above problem in any way we please, it is clear that v 73 is the 
ralue of the mean velocity w; or, since v3 is the value of the 
mean speed u of the molecules independent of directions, we can 
put w = u, which is the solution of the problem in question. 

Substituting now the value we have found for w inthe ex- 
pression (4) we have 
p= 17/3 « eux’, (5) 
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a result which, granting the correctness uf the fundamental 
equation (1), is absolutely inevitable. 
The value of p generally recognized by physicists in the kinetic 
theory of pases is 
p=%epu'’, (6) 
in which # is the mean square of the speeds of the molecules. 
Now, comparing this value of p with our value (5) we find the 
relation 
u®/u? = 3 = 1.7321 (7) 
while in aceordance with the law of distribution of velocities 
found by Maxwell we should have 
u?/u®? = 3r/8 = 1.1781. (8) 
It is true that Maxwell’s law is based upon a certain condition 
of the system of moving molecules which is not generally ad- 
mitted by physicists and which is imposed by the necessity of 
applying the calculus of probabilities. But, allowing for pos- 
sible deviations of the general expressions 


; 3. 4, 
w= oh? and w= 


’ 


wh 


derived from the law in question, the ratio (8) cannot be but 
little out of the way, and must he regarded as, at least, closely 
approximated to the truth. The great discrepancy, therefore, 
between it and the result (7), can only be understood to mean 
that if the expression (5) is correct, the expression (6) cannot 
be correct, or vice-versa, and the question is to decide which one 
of these two expressions is entitled to be accepted. 

‘he steps by which the expression (5) for the pressure is reach- 
ed when the fundamental equation (1) is admitted, are entirely 
too clear and convincing to be questioned. Indeed, no one can 
doubt the correctness of the expressions (2), (3), and (4); and 
as to the determination of the velocity w involved in the latter, 
the method pursued in the above problem is too simple and 
practical to require comments. As to the fundamental equa- 
tion (1), this is supported by Newton’s second law of motion 
in accordance with which the gaseous pressure per unit area 
must be equal to the amount of normal momentum which the 
molecules of the gas transfer in unit time across a section of 
unit area in the gas. The truth of this proposition, the writ- 
er believes, is generally admitted by physicists; and, in fact, the 
recognized expression (6) is really based upon it. The conclu- 
sion, then is that some error must exist in the method by which 
this expression for the pressure is reached, and for the purpose 
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of finding this error we will now make a careful examination of 
this method. 

In a cube of unit volume taken in a gas such as we are con- 
sidering, let the numbers of the molecules which at any instant 
possess component speeds perpendicular to one of the faces; of 
the cube, differing extremely little from vy, ve, vs, etc., be denot- 
ed by m,, m, ns, etc., respectively. The matter contained in the 
cube at any instant can be divided in a number ot groups mm, 
mm, n3m, etc., moving towards a face of the cube and an equal 
number of similar groups moving towards the opposite face, 
perpendicularly, with instantaneous speeds vi, v2, vs, etc., re- 
spectively. If these speeds are assumed to persist, two conclu- 
sions follow from this assumption, simultaneously; one is that 
the quantity of matter moving across a section of unit area in 
unit time can be expressed by 

2(mmv, + nmemv, +ngmv; + ete.) = 2m=z(nv): (9) 
and the other is that the amount of normal momentum trans- 
ferred across such section in unit time can be expressed by 


2(mmvi? + nemv.? + nsmvs? + ete.) == 2m=z(nv*). (10) 
Therefore, 
Om 2m=z(nv), (11) 
and 
p = 2m2(nv?). (12) 


Multiplying and dividing by =(n), and observing that 2 3(7) 
is equal to the number N of molecules contained in unit volume; 
that 3(nv)/3(n) is the expression for the mean speed v of the 
molecules in any one given direction; and that (nv?) /3(m) is the 
expression for the mean square y of the speeds of the molecules 
in such direction; we can write 


Qm = Nmv = py; (13) 
and 

p= Nmv* pv?. (14) 
This value of p, observing that 2 = #/3, becomes identical with 


the value (6) generally acknowledged by physicists. Now, this 
result can be accepted only on the correctness of the assumption 
made in the method indicated above, and when this assumption 
is admitted, the result (13) which follows directly and legit- 
imately from it must also be accepted. But, substituting the 
value (13) in (1), and observing that v? = u?/3, we find 

P= %- pu’, (15) 
which compared with (6) leads to the absurd conclusion 
uw =u’, This shows indisputably that the assumption in ques- 
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tion is unsound, and that therefore the value (6) of p, as well 
as the value (15), cannot be accepted; a conclusion we have al- 
ready reached on the undeniable truth of our expression (5) for 
the pressure. 
But, it may be objected, the expression (6) agrees with the in- 
dependent result 
e 


E=3'pV (16) 
found by Clausius on the basis of his theorem of the virial, in 
which E and V are the energy of agitation and the volume ofa 
gas whose molecules act on one another and on the surtace of 
the containing vessel only during an encounter. In fact, from 
(16) we have 

p=%.E/V, (17) 
and since E/V = 4%. put, we can see that the above expression 
is identical with the expression (6). Our answer to such ob- 
jection is, and it can be no other, that Clausius’ result is un- 
warranted by the theorem of the virial, and this we will now 
proceed to show. 

Nearly one half a century ago, Clausius found that the 
kinetic energy of a system of material particles in a state of 
stationary motion is expressible as 

—14.2(xX +yvY+22Z), (18) 
in which x, v, z, are the co-ordinates of the center of gravity of 
a particle, and X, Y, Z, are the components of forcés of any kind 
acting upon it. This expression was called by him the ‘‘virial’’, 
and was devised for application to the kinetic theory of gases. 
Its application to a gas the molecules of which attract or re- 
pel one another is very simple. For, if we denote by R the 
stress and by r the distance existing between the centers of two 
molecules, the virial of this stress alone in accordance with 
(18), is +¥%-+ Rr, and when every pair of molecules in the gas is 
considered, the virial can be expressed by 

tla. ==(Rr), (19) 
in which the positive sign is to be taken when the stress is an 
attraction, and the negative when the stress is a repulsion. 

When the molecules of the gas act on one another only during 
an encounter, the virial (19) is zero; but Clausius observes that 
if such a gas is enclosed in a vessel from the sides of which the 
molecules rebound, we have to take into account the virial aris- 
ing from the pressure exerted by the internal surface S of the 


vessel upon the gas. Every element dS of this surface exerts 
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upon the gas a pressure pdS by reaction, and this pressure he 
considers as a force applied to the system, that is, to one of its 
points at the boundary. Thus, designating by /, m, n, the direc- 
tion cosines of the normal to dS, he expresses the components 
of the force in question by 


X =-lpdS; Y=-mpdS; Z= -npds. 


Substituting these in (18), and observing that (/x + my + nz) 
is the length of the perpendicular from the origin on the plane 
of dS, he finds 


; 3 
Vae pf (us + my + nz)dS= 5° pV, (20) 


which agrees with the result (16). 

Now it will be observed that in a gas such as we have under 
consideration if there is, at every instant, pressure between the 
surface of the vessel and the gas, such pressure can only arise 
from the stresses which a certain number of molecules apply to 
the surface at every instant by impact. Thus, if we denote by 
F the average force developed by impact between the surface of 
the vessel and a molecule, and by n the number of molecules im- 
pinging at any instant upon an element dS, we must have 
necessarily pds = nF. This is a stress which must be consider- 
ed as being applied to the center of dS and a point at a distance 
from it equal to the radius 4 of a molecule. Both points belong 
to the system; and if we introduce their co-ordinates in the ex- 
pression (18), we find simply %+ ph3ds = %+ pSh. Since the 
volume Sh is almost infinitesimal compared with the volume V 
of the gas, the amount of virial in a gas enclosed in a vessel and 
whose molecules act on one another only during an encounter, 
cannot represent but an exceedingly small fraction of the energy 
of the gas; and therefore, in so far as the result (16) found by 
Clausius may be dependent upon his theorem of the virial, such 
result is entirely unwarranted. 

On the basis of the expression (17) which follows from Claus- 
ius’ unsupported result and from the value (6) of p shown to be 
erroneous, the ratio of the two specific heats of a theoretical 
gas whose molecules are perfectly elastic spheres is found to be 
y=. This familiar ratio upon which physicists have tor so 
long vainly thought the kinetic theory of gases could be defend- 
ed must now be abandoned, and we have to find the new value 
of y which corresponds to our expression (5) for the pressure, 
the soundness of which is incontestable. Making use of the re- 
lation (8) which follows from Maxwell’s law of distribution of 
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velocities, we can express (5) in terms of 72, thus, 
Pp = 0.4905 pu?; (21) 
and from this, we have 
p= 0.981 E/V. (22) 
For the theoretical gas we are considering, the ratio of the two 
specific heats is expressed by 
y¥=—1+pdV dE; (23) 
and when for pdV we substitute the value given by (22) we find 
¥= 1.981. (24) 
The closeness of this result to two, when we consider that the 
ratio (8) used in the above transformation is in all probability 
only approximated to the truth, makes it almost certain that 
the theoretical ratio of the two specific heats is 
= 3 


“5; ( 


/ 
and therefore, instead of (22), we can write simply 
p = E/V. (26) 
These results the writer pointed out in “A preliminary commun- 
ication concerning a new fundamental principle of kinetic theory 
of gases’’, presented at the New York meeting of the American 
Association for the Advancement of Science; December 30, 1906, 
and published under the title: ‘‘A new development of the kinet- 
ic theory of gases’’, in PopULAR AsTRONOMY for April 1907. 
In this paper a new method was indicated by which, independ- 
ently of the expression for the pressure, the value of y can be 
determined. This method was suggested by the following con- 
siderations. 


On thermodynamical principles, for a gas whose molecules 


are perfectly elastic spheres we must have VE’—'= const. As 
the energy E is proportional to the mean kinetic energy e of 
each molecule; and as the mean free path s of a molecule, in ac- 
cordance with Clausius’ investigation, is proportional to the 


, , y—1 
volume V of the gas; we can write se’ const; or, 
1 

es - const, (27) 
This is a perfectly legitimate result of the kinetic theory of gases 
based on thermodynamical ground, but overlooked by physi- 
cists. It shows that all the energy which can be generated}in the 
above gas by adiabatic compression can arise only from the 
fact that the mean tree path of its molecules is made shorter. 
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This suggests that the dynamical conditions of a molecule dur- 
ing the compression must in the average be similiar to those of 
a perfectly elastic smooth sphere confined in a frictionless cylinder 
between a rigid bottom and a piston and impinging alternately 
upon them with great frequency while the piston is forced to 
move towards the bottom with a speed which is small com- 
pared with that of the sphere. The writer investigated the 
dynamics of this problem in the following manner. 

Let vi be the speed of the sphere at a moment just previous 
to its impact on the piston, and let the speed of the latter 
towards the bottom of the cylinder be c, which for simplicity 
we assume to be constant. The sphere after the impact will 
acquire the speed vi + c, which it will retain until the next im- 
pact onthe piston occurs. Thus, if we count a double oscilla- 
tion from the instant the sphere leaves the piston to the instant 
when it again impinges upon it, we can express the speeds with 
which the sphere performs its successive double oscillations by 
V;; Ve=v,+c; Vv, = v2+ ¢; etc. 

Now, let the inward paths successively described by the 
sphere be denoted by h,, In, hs, etc. If the periods of the suc- 
cessive double oscillations are indicated by ti, te, t,, etc., the out- 
ward paths successively described by the sphere can be expressed 
by (h,—ct,), (f2—cte), (hs—ct,), etc., and thus the mean 
paths corresponding to the successive double oscillations can be 
expressed by 


sith—Yect; ss=hh—Yects; s;s=hy—W-ects; ete. (28) 


The periods t,, ts, ts, etc., can be expressed as follows: 


t; = (2h, —ecth)/v; t@ = (2he—cte)/v2; ts = (2h3—cts)/v3; ete.: 
from which we have 
ti = 2h/(vi +c); te 2ho/(v24+-c); tgs 2h,/(v3 +c); ete. 


Substituting these in the expressions (28), and observing that 
we can write 

vi—c is ve—e (vi—c)(v2—c) 
ho = hh — ct; = hy v1 +c? h hy — ctp = hy v2 +e s= By (vi te)live +o) $060 ss 
we find 
Vl (Vv; — c)¥e Avy —c)( Vo — C)v3 


ae *= In ao hk — 


si = In (vit c)(ve+ ce)’ (vit e)(ve4 “e)(vs+ c) > Ch 


These expressions, remembering that we can put vi =r—c; 
ve = vritec= vs—c; ete., can be easily reduced all to the same 


numerator Mivi(vi — c), their respective denominators becoming 
vi—c’; w?—c’; vs'—c’*; etc. Hence, 
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s,( v1? — c*?) = So( v2? — c?) = s3(v3? — c?) = ...... en aE ea = s(v? —c*) = const; 
or, simply, 
s(v? — c?) = const. (29) 
When c/v is small, we can write sv? = const. or, if eis the en- 
ergy of the sphere, 
es = const. (30) 
This relation, it will be observed, is in every respect similar 
to the relation (27) we have found to exist between the mean 
kinetic energy and the mean free path of a molecule in a 
theoretical gas, but for the difference in the exponents of s in 
the two relations, the one in (27) being undetermined and the 
one in (30) being equal to unity. Now, in both problems, the 
energy e depends solely on the path s, and, on no dynamical 
ground can a reason be conceived by which any difference be- 
tween the exponents in question could be admitted. Hence, we 
must have 1/(y— 1) equal to unity, and therefore, y 


2; a re- 
sult which substituted in (23) gives p E/V. 


23 
closely approximated by the result (22) which has been found in 
the present paper and which follows from the new expression 
(5) for the pressure, combined with the value of the ratio #/1 
resulting from Maxwell’s law of distribution of velocities. The 
approximation only shows that the condition upon which this 
law is derived from the calculus of probabilities is not strictly a 
legitimate one, a fact already suspected by physicists, and that 
therefore the ratio (8) applies to gases only approximately. 
Accepting the result p = E/V, we have 


This is very 


P — Y%. pu’, (31) 


and this compared with the expression (5) leads to the ratio 


u/u? — 2/¥ 3, (32) 
which is only two per cent smaller than the ratio (8) following 
from Maxwell’s law of distribution of velocities. We have here 
an independent proof that this law is not much out of the way, 
and also a condition to which the true law of distribution must 
necessarily conform. 

In the critical review of the problem of the pressure made in 
this paper enough has been shown to establish the fact that 
the gaseous pressure per unit area is equal to the energy of agit- 
ation of the gas per unit volume. This confirms the independ- 
ent result y = 2 previously pointed out by the writer in the 
paper referred to above for the ratio of the two specific heats 
of a purely theoretical gas whose molecules are perfectly elastic 


spheres; and in conjunction with the relation (27) proves the 
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proposition that in such a gas, during adiabatic changes of 
volume, the product of the mean kinetic energy and the mean 
free path of a molecule remains constant. 

It seems exceedingly hard to realize that the expressions (6) 
and (16), one for the pressure and the other for the energy of 
a gas, established independently and on quite different grounds 
by mathematical physicists whose skill perhaps will never be 
surpassed and whose names we have rightly learned to revere, 
should have been found both affected by error though agreeing 
with each other perfectly. This misleading and most extraordin- 
ary of accidents has for many years enveloped the kinetic theory 
of gases in an atmosphere of profound doubt by forcing upon its 
supporters the arduous and hopeless task of proving its truth 
on the basis of a predicted limit 5/3 for the ratio of the two spe- 
cific heats, in the face of experimental facts contradicting it. 

In a separate publication the writer will consider the problem 
of the application of the principle of the equipartion of energy 
to real gases on the basis of the new limit for the ratio of the 
two specific heats. 

Philadelphia, Pa. 





A SIMPLE METHOD DEVISED BY F. C. PENROSE FOR 
FINDING THE ORBIT OF A HEAVENLY 
BODY BY A GRAPHICAL 
PROCESS. II 





ERIC DOOLITTLE. 





FoR POPULAR ASTRONOMY. 

6. Kepler’s Second Law. Measuring the Sectorial Areas.— 
Throughout the application of the graphical method we make 
frequent use of Kepler’s Second Law, that the straight line 
joining the Sun with the comet sweeps over equal areas in equal 
times. It follows from this law that in any orbit the quotient 
obtained by dividing the area of any sector, as ASB, Figure 6, 








FIcureE 6. 
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by the area of any other sector, as BSC, will be the same as 
the quotient obtained by dividing the time occupied by the body 
in moving from A to B by the time required for the body to 
move from Bto C. If we represent the areas of the two sectors 
by a, and a respectively and let t; be the time when the body 
was at A, te that when it was at B, and t; that when it was 
at C, we will have © 

2 ie Be 

a.” ts— te 

As the recorded times are always known, this relation is of 
great value in enabling us to find accurately the best final orbit, 
which will be adjusted to pass through the various observed 
positions in such a way that the law of areas shall be satisfied 
as exactly as possible with all of them. It is also employed 
for the two purposes now to be described. 

a. To find the time of Perihelion Passage, that is, the time at 
which the body was at P, we compare the area of the sector 
ASP = A, with that of any other sector, when, if we let T be 
the time when the body was at P, we will have, 


ai-—T A r A 
te—ti- —<~ na eo 
and similarly, 
A A 
T=t-— =, its te) = th — 2 (ts — ts) ete. 


We therefore measure the areas of all of the sectors A, a,, az, 
etc., and from these and the recorded times we determine T by 
comparing A with each sector separately and finally select the 
average of the values so obtained as the best value of T. 

b. To tind the position, D, of the body in its orbit at any de- 
sired time, t,, we measure the adjacent area a) and then compute 
a; from the equation 

ty — ts 
az — baat A2 

We then by trial find a position of the line SD which shall 
make the measured area a; the same as its computed value. As 
is shown below, this can be rapidly and easily done; the result- 
ing position of D is the desired place of the body in its orbit.* 

* The reader familiar with orbit computation can locate Din any orbit 
somewhat more exactly by first finding its approximate position by trial and 
‘then computing the area of the triangle DSC from the formula, 


rf 3 4a, sin (vy —vs)} cs 
Area of triangle = —h —$ 
k Vp (ai— ts) « 
in which A is the altitude of the triangle. (See Oppolzer, Page 81). A line 


drawn parallel to CS at a distance A will cut the curve in the desired point D. 
If the orbit is a parabola, the angle DSP may, of course, be taken directly from 
Table IV, of Oppolzer. But no labor is saved by using the formula or table un- 
less the change of curvature is very great. 
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c. Measuring the Areas.—If the curvature of the arc is small, 
the ratio of any two sectorial areas, ASB and FSC, is nearly 
the same as the ratio of the two triangles ASB and BSC, al- 
though each sectorial area is larger than the area of the cor- 
responding triangle. To find the ratio in this case we may draw 
the lines CH parallel to BS and AKH perpendicular to BS when 
AK will become the altitude of the triangle ASB and KH that 
ofthe triangle BSC, whence as these triangles have the same 
base, BS, their areas will be to each other as their altitudes, 
that is, 

Triangle ABS AK a, 

Triangle BSC ~ KH a, ‘very nearly). 

If the curvature is great or the arcs long a more accurate 
method of measuring the sectorial areas must be employed.* 
This is best done by stretching a tine thread nm across the are 
BC in such a manner that the areas moB and noC appear to 
be equal. The sectorial area BSC will then be the same as that 
of the triangle mSn and this equals %Sm X nr. This is usually 
the most convenient method to employ in measuring any sector; 
if the change of curvature is very great, as in the sector PSA, 
it may be necessary to draw a line Sa dividing the sector into 
two parts and to measure the area of each part separately and 
then to add the results together, but this will very seldom be 
necessary. 

When it is desired to construct a sector CSD whose area a, 
is known, we first find the altitude h of the corresponding tri- 
angle CSD from the equation, h = 2a3;+ CS. Having thus locat- 
ed D roughly, we stretch our thread stv across the are CD, so 
that it nearly coincides with this are and makes the area Cts 
equal to the area vtD. If the area of the triangle is to equal 
that of the sector its altitude must be 2a;~ Ss, and hence we 
draw a line bg parallel to CS and at this distance from CS and 
join the point M in which this line cuts vt with S. The point D 
in which the line MS intersects the orbit will be the desired 
position and CSD will be the desired sector, since its area equals 
that of the triangle sMWS = a;. Ifacareful measurement of the 
sector shows that the point D is not quite correctly located this 





* The student familiar with orbit computation may abridge this work also 
by first finding the ratio of the triangular areas and then adding to it the 


quantity, 
1 min / tur? — 717\, 
6 Ti ri ’ 


the sum will be the ratio of the sectorial areas. (See Oppolzer, Page 99). 
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construction may be repeated, re-drawing the line sv across the 
new arc CD so as to make Cts equalto vtD. The first trial, is, 
however, usually sufficient. 


THE ORBIT IN SPACE. 


— 


7. The Elements of an Orbit.—By the Elements of an orbit are 
meant certain numerical quantities which when known enable 
us to tell the exact size and shape of the orbit, its position‘in 
space, and the position of the body in the orbit at any time. 
When the elements have been determined, we can also predict 
from them the place which the body as seen from the Earth 
will occupy among the stars at any desired epoch. If the body 
is a parabola, there are five elements to be determined, while if 
it is an ellipse or hyperbola, there are six. These are as follows. 

(a).—To describe the size of the orbit, we must know in the 
parabola the perihelion distance, q, and in the ellipse or hyper- 
bola the half major axis, a. 

(b).—To describe its shape, we must know the eccentricity, e, 
if the path is an ellipse or hyperbola, but no such element is 
necessary if the path is a parabola because all parabolas are of 
the same shape. 

(c).—To be able to find the position of the body in its orbit, 
we must know the time of perihelion passage, T. 

To explain the exact position of the orbit in space, we 
must refer it to some known or fundamental plane, and for this 
purpose the plane of the Earth’s orbit is always employed. 
Thus in Figure 7, if S is the Sun and ML a portion of the 
Earth’s orbit, we shall choose the plane VMSLN as our funda- 
mental plane of reference. The great circle VAN in which this 
plane intersects the celestial sphere is the Ecliptic; the hemi- 
sphere above the ecliptic, containing the North Pole of the 
heavens, is called the northern hemisphere and the other is call- 
ed the southern hemisphere. 

If HP’C’ is the orbit of the comet or asteroid, its plane AP” 
will intersect the plane of the Earth’s orbit ina line AS called 
the Line of Nodes; the point A in which this line meets the great 
circle of the ecliptic and at which the body as viewed from the 
Sun passes from the southern to the northern hemisphere is 
called the Ascending Node. To exactly describe the position of 
the orbit plane we require the two following elements. 

(d).—The Longitude of the Ascending Node, (Q), is the are of 
the ecliptic intercepted between the Vernal Equinox and the as- 
cending node of the orbit, measured from the vernal equinox in 
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the direction of the Earth’s motion. Thus if V is the vernal 
equinox, then this element is the are VA. 

(e).—The Inclination, (1), is the angle between the orbit plane 
and the plane of the ecliptic; it is measured as follows. If the 
reader imagines himself standing at A and looking toward the 
Sun along the line AS, then the inclination is the angle NAP” 
measured counter-clockwise from the arc AN, drawn from A in 
the direction of the Earth’s motion, to the arc AP”, drawn from 
A in the direction of the body’s motion. Thus imay have any 
value from O° to 180°. 

(t).—Finally, to describe the position of the orbit in its plane 
we require the Angle of Perihelion, (w), which is the angle ASP’ 
between the ascending node and the major axis of the orbit, 
measured from A in the direction of the body’s motion. Some- 
times instead of this angle the so-called Longitude of Perihelion, 
(7), is stated as one of the elements, this being merely a name 
given to the sum of the angles 2 and », so that t = 2+ o. 

It is evident that if we are told the elements of any orbit we 
can at once picture to ourselves exactly how the orbit lies in 
space. From the values of 2 and i the position of the orbit 
plane in reference to the plane of the Earth’s orbit and to the 
direction of the vernal equinox becomes known, and from o we 
know the axis in this plane. If the orbit is a parabola, a 
knowledge of gq enables us to draw the curve to scale, (by first 
drawing the directrix at a distance 2g trom the focus), while if 
it is an ellipse or hyperbola the knowledge of a and e also en- 
ables us to construct the entire curve. Finally, if the time of 
perihelion passage and at least one position of the body in its 
orbit at a given time are known, (which will always be the 
case when we are applying the graphical method), the place ot 
the body in its orbit at any other time may be determined as 
explained in the preceding article. 

8. Projections on the Plane of the Ecliptic.—By the projection 
of a point on a plane is meant the point in which a perpendicular 
let fall from the given point to the plane intersects the plane. 
Thus, if P’P, Figure 7, is perpendicular to the plane VSN, then 
P is the projection of the point P’. If every point of the orbit 
HB’C’ is projected on the plane of the ecliptic in this way, a 
curve HBC called the projected orbit is obtained. The true 
orbit is always either a parabola, ellipse, or hyperbola, and 
whichever curve this is the projected orbit will also be.* 





* The proof of this tor the parabola is given in Popular Astronomy, Vol. 
VII, Page 194. 














Eric Doolittle 143 


x 





Throughout almost all of our work we shall draw the vari- 
ous lines of Figure 7, as they appear when projected on the plane 
of the ecliptic. Thatis, the plane of our paper will be the ecliptic 
plane and the lines EF, HBC, etc., which we draw will be the 
projections on this plane of the corresponding lines in space. 
We will determine the projected orbit from lines drawn on this 
plane alone and afterward show how to find from this the ele- 
ments of the true orbit. 











FIGURE 7. 


It is very important to notice that Kepler’s Second Law may 
be applied to the sectors of the projected orbit as well as to the 
sectors of the true orbit, for we evidently have 


Sector HSB = Sector HSB’ & cos i; Sector BSC Sector B’SC’ cos |, 
and hence, 
Sector HSB + Sector BSC = Sector HSB’ + Sector B’SC’. 


The Earth may always be regarded as having its center in the 
plane of the paper VSN. It when the Earth was at E, the body 
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was observed to have the direction EB’K, then the line EK of 
indefinite length joining the position of the observer with the 
body at the instant considered is called a Sight Line, and the 
projection EF of this sight line upon the plane of the ecliptic is 
called a Longitude Line. 

To draw the longitude Jines, we first choose a point S to rep- 
resent the Sun and draw from this point a line SV to indicate 
the direction of the vernal equinox. From this line we lay off 
the angle VSE equal to the longitude of the Earth at the instant 
considered and measure a distance SE on the line so obtained 
equal to the distance from the Earth to the Sun. (These two 
quantities are taken from the ephemeris as explained later). 
We thus obtain on our drawing the relative positions of the 
vernal equinox, Sun, and Earth at the instant of observation. 
We next draw EV, parallel to SV and from this line, which ex- 
tends in the direction of the vernal equinox, we lay off an 
angle V,EF equal to the known longitude of the sight line EK, 
The side EF of this angle will evidently be the desired longitude 
line. 

In this way corresponding to the instant of each observation 
we obtain on our drawing the position of the Earth and the 
corresponding longitude line. Since at the time recorded the 
body was known to lie somewhere in the sight line it follows 
that at this instant the projection of the body must lie some- 
where in the longitude line. Accordingly the projected orbit 
must be drawn in such a position that the body in passing 
along it crosses these lines in the proper order and also so that 
the areas of the sectors whose vertices are at the Sun and whose 
arcs are the ares of the projected orbit included between the 
longitude lines shall satisfy Kepler’s Second Law. We will see 
that these two conditions enable us to find the position of the 
projected orbit very exactly. 

9. First Approximation to the projected Orbit.—After laying 
down the various longitude lines, our drawing may look some- 
what as in Figure 8, in which £; to E, are the various positions 
of the Earth and £\F\ to E,F, the corresponding longitude lines. 
The next step is to find an approximate position of the project- 
ed orbit AD. 

In the first place, we notice that this arc must lie wholly 
outside of the various intersections, 0, m, n, p, or wholly inside 
of them, for if we attempt to draw the arc in any other position, 
as a’d’, the body could not by continuous motion come to the 
longitude lines in the proper order. 
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For the first trial we draw our scale on a piece of card-board 
or stiff paper and lay this scale across the longitude lines slight- 
ly bending it so as to give it a gentle concavity toward the Sun. 
We then move it out or in from the intersections 0, n, m, p until 
a position is found for which the measured arcs, AB, BC, and 
CD, are in proportion to the corresponding intervals of time. 
If we first place the scale in the position ad, we shall usually 
find that to satisfy the proportion, it is necessary to move the 
are farther and farther outward until it coincides with E,E,. 
This position also constitutes a correct solution of the problem, 
since E, to E, are positions of a body moving in accordance 
with Newton’s Law and which lay on the successive sight lines 
at the instants recorded. 

It might seem that to find this first approximate position of 
AD is very difficult, but this is not the case. In moving the are 
outward from the intersections, we soon notice whether the 
agreement is becoming more or less exact; if the farther outward 
we move it the less perfect the agreement becomes, and, if no 
position can be found above the intersections 0, m, n, p, then 
its true place will fall between the Earth and these points, so 
that the comet lies between the Earth and Sun. The body will, 
of course, not lie outside of the Earth’s path E,E; unless the 
longitude lines extend in this direction, as EF’, E:F’’, etc. 

Having found a roughly approximate position of the orbit in 
this way we next join the points A, B,C, and D with S, and 
measure the sectorial areas, moving the are outward or inward 
to make the ratios of these areas equal the ratios of the cor- 
responding intervals of time. In practice, it will be found that 
this adjustment also is very rapidly and easily effected by trial. 
For example in Figure 8, if a3; + a: were too small, a slight out- 
ward displacement of the are would correct this because, since 
E,F, and E3F; diverge more rapidly than E2F2 and E3F;, this dis- 
placement would increase a; much more than a. Differential 
formulas for the amount of displacement can easily be devised 
but the method by trial is so easily applied that these are un- 
necessary. 

10. Graduation of the Longitude Lines. First Determination 
of 2 snd i.—In finding the projected orbit thus far, we have only 
made use of the longitudes of the sight lines; we shall now test 
and improve this approximation by employing the known lati- 
tudes as well. 

The first use made of the given latitudes is to graduate the 
longitude lines, that is to mark on these lines points which are 
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the projections of points on the sight lines whose heights above 
the fundamental plane are 10, 20, 30, ete., on our scale, this 
scale being usually so chosen that the mean distance from the 


Earth to the Sun, (or the astronomical unit), is represented 
by 100. 


fy 











FIGURE 8. 


Thus in Figure 7, if a’ is a point of the sight line EK whose 
height above the plane is 10, we will have from the triangle 
a’Ea in which the angle at E£ is the given latitude, £, 

Ea = aa’ cot 8B = 10 cot 8. 
similarly, 
Eb = 20 cot B, Ec= 30 cot 8, etc., 
b'and c’ being 20 and 30 divisions, respectively, above the plane. 
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We thus measure off on each longitude line the distances Ea, Eb 
etc., determined by these formulas, and write the numbers 10, 
20, 30, etc., at these successive points. The longitude lines of 
Figure 8 are shown graduated in this way. 

The height of any point above the plane is called the Latitude 
Number of that point. To find the latitude number of a point 
ot the orbit, as B, Figure 8, we might merely subdivide the 
portion tv of the line, and thus find the reading at B, which 
would be the latitude number of B, but a simpler method is as 
follows. Draw a line vr in any direction, making it ten divi- 
sions long on any scale. Join tr and draw Bs parallel to tr; the 
measured length rs added to the latitude number oft will be 
the latitude number of B. 

Thus in the figure tr was made one inch long and rs found to 
be 0.38 inches. Hence the latitude number of B is 23.8. 

To find the first approximate value of 0.—Draw any chord, 
as DB, and at D and B draw the lines DH and BK perpendicular 
to this chord, making the length DH equal to the latitude num- 
ber of D and the length BK equal to the latitude number of B. 
Join H and K and produce this line until it meets the chord DB 
produced in R. The line SRO drawn from S through R will then 
be the position of the line of nodes as determined from the two 
points B and D. 

To prove this, we must refer to Figure 9 in which \/N’ is the 
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FIGURE 9. 
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orbit in space and MN the projected orbit. If we could draw 
the chord D’B’ ot the true orbit, it would intersect the chord DB 
in some point R, since the two chords lie in the same vertical 
plane, D’'RI) and are not parallel to one another. Morever R 
would lie in the line of intersection of the two planes, since it is 
on the line D’R which lies wholly in the first plane and also on 
DR which lies wholly in the second. But instead of this con- 
struction we have drawn DH in the fundamental plane equal to 
DD’ and BK equal to BB’, so that the figures DHRB and D'B’RB 
are equal in all their parts. Hence HK intersects DB at the 
same point as D’B’ does; that is, the construction explained has 
located a point, R, on the line of nodes. 

In this way from any two points and the chord joining them 
we may find the position of SQ, but as the are AD, Figure 8, is 
almost certainly not yet drawn in its exactly correct position, 
the positions of this line obtained from the various points taken 
in pairs will not exactly agree. We therefore draw a line in a 
sort of average or mean position among the various determina- 
tions and this will be our first approximation to the position 
of SQ, 

To find the first approximation to the value of i—Having de- 
cided on the position of SQ, let fall perpendiculars BG, CL, DP, 
etc., Figure 8, to this line and measure their lengths; then 

, Lat. No. of B Lat. No. of C Lat. No. of D 
tan i= BG — CL = DP etc. 

This relation is evident from Figure 9, for if we pass a plane 
BGB’ through BB’ perpendicular to SQ, intersecting the given 
planes in GB’ and GB, respectively, then by the definition of 
diedral angles of solid geometry, the angle B’GB is the angle, i, 
between the two planes. In the right triangle B’GB, we now 
have 

: BB’ Lat. No. of & 
tan S'GE = tan i= BG = BO ’ 
and similarly with any other point of the projected orbit. 

The inclination should be thus determined from each point 
separately and the average of the resulting values taken. 

11. Further Adjustment of the Projected Orbit.—If the values 
of 2 and i just found were absolutely correct, and if AD were in 
its exactly correct position, then each of the points A, B, C, and 
D would be the exact projections of the corresponding point in 
which the sight line pierces the plane whose node and inclination 
we have determined. On account of various inaccuracies, how- 
ever, this will not be the case; the point on the sight line, for 
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example, which is projected at A will not coincide with the 
intersection of this line with the assumed orbit plane. These 
discrepancies were, in fact, shown by the disagreement of our 
several determinations of Qand i. We now inquire what graph- 
ical construction we can make to locate on our drawing the ex- 
act projection of each point in which the corresponding sight 
line pierces the assumed orbit plane. , 

Let B’, Figure 10, be this intersection, and B the projection 








FiGuRE 10. 


of B’ upon the longitude line EK. Pass the plane B’BM perpen- 

dicular to SQ, so that as before the angle B’MB = i, and draw 

the line ED through Eand M. Now from any point K on the 

longitude line draw KN perpendicular to SQ, and produce this 
§ per} I 

line to meet EM produced in D. We will have from the figure, 


MB= BB’ coti, and EB= BB’ cot B, 
and hence by division, 
MB--~+ EB tan 8 coti. 


The triangles KDE and BME are similar, since KD and BM 
are each perpendicular to SQ and hence parallel to each other, 
and therefore from these triangles, 


KD —- KE = MB ~— EB = tan 8 coti, 
from which we have, 
KD = KE tan 8B cot1. 


From this relation the construction is very easily made. It is 
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only necessary to select any point, K, on the longitude line, 
measure KE and draw KND perpendicular to SQ, making KD 
= KEtanfcoti. We then join D with E, and atthe point, N,in 
which DE crosses SQ, we erect a perpendicular MB; the inter- 
section, B, of this line with the longitude line will be the exact 
projection of the point in which the sight line meets the assum- 
ed orbit: plane. 

In this way the position of each of the points of the projected 
orbit should be re-adjusted; the new sectorial areas should then 
be carefully measured, and if, as is usually the case, it is found 
necessary to displace the orbit slightly in order that the law of 
areas may be satisfied, new values of 2 and i must be determined 
from the points in their new positions, and the adjustment just 
described must be repeated. Thus by successive approximations 
a position of SQ is soon found for which the points of the pro- 
jected orbit satisfy the conditions arising both from the given 
longitudes and the given latitudes. 

Though it has required some space for us to explain the suc- 
cessive adjustments, they can be made in practice very rapidly ; 
a very few minutes only are required to draw the lines for a 
new adjustment, and unless the first assumed position is greatly 
in error, so that the various directions of SQ as found from the 
first determination differ widely, two trials will generally be 
found sufficient. 

When the drawing has reached this point, the projection of the 
orbit is practically completed, although this may be still further 
adjusted slightly as will be shown later. The computer, who 
only wishes to obtain the distances of the body from the Earth 
tor the purpose explained in the introduction, need not carry the 
work further than this. For, if we let A; A», etc., be these dis- 
tances, we obtain from Figure 3, 

Ai = E\A sec B,, Av= E,Bsec fo, etc. 
But for all other readers, we shall now proceed to show how 
from the projected orbit the elements of the true orbit in space 
may be found and how the position of the body among the stars 
may be predicted tor any time. 
To be continued. 
University of Pennsylvania. 
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THE FORTY-NINTH PARALLEL.’ 
OTTO KLOTZ. 


We shall begin by quoting two paragraphs from the Romanes 
Lecture on ‘“‘Frontiers”’ delivered by Lord Curzon at Oxford on 
November 2, 1907. 

“IT wonder, indeed, if my hearers all appreciate the part 
that Frontiers are playing in the everyday history and policy 
of the British Empire. Time was when England had no Front- 
ier but the ocean. We have now by far the greatest extent of 
territorial Frontier of any dominion in the globe. In North 
America we have a Land Frontier of more than 3,000 miles 
with the United States. In India we have Frontiers nearly 
6,000 miles long with Persia, Russia, Afghanistan, Tibet, China, 
Siam and France. In Africa we have Frontiers considerably 
over 12,000 miles in length with France, Germany, Italy, 
Portugal and the Congo State, not to mention our Frontiers 
with native states and tribes. These Frontiers have to be set- 
tled, demarcated, and then maintained. We commonly speak of 
Great Britain as the greatest sea-power, forgetting that she is 
also the greatest land-power in the Universe.” 

In discussing the various classes of frontiers, (1) the natural 
trontiers—the sea, deserts, mountains and rivers, and (2) the 
the artificial frontiers, Lord Curzon says of the commoner forms 
of the latter: 

“These are three in number: (1) what may be described as 
the pure astronomical Frontier, following a parallel of latitude 
or a meridian of longitude; (2) a mathematical line connecting 
two points, the astronomical co-ordinates of which are specified 
and (3) a Frontier defined by reference to some existing, and, as 
a rule, artificial feature or condition. Their common character- 
istic is that they are, asa rule, adopted for purposes of political 
convenience, that they are indifferent to physical or ethnologi- 
cal features, and that they are applied in new countries where 
the rights of communities or tribes have not been stereotyped, 
and where it is possible to deal in a rough and ready manner 
with unexplored and often uninhabited tracts. They are rarely 
found in Europe, or even in Asia, where either long settlement 
or conflict has, as a rule, resulted in boundaries of another type. 

(1) The best known illustration of the astronomical line is 
the Frontier between Canada and the United States, which from 
the Lake of the Woods follows the 49th parallel of latitude to 
the Pacific coast, a distance of 1,800 miles [1,270,—O. K.] This 
line well illustrates both the strength and the weakness of the 
system. As aconventional line through unknown territories it 
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has answered its purpose. But its demarcation on the spot 
was so laborious and protracted that, fifty years after the con- 
clusion of the Treaty which created it, the joint surveyors were 
still at work, clearing a strip 100 yards wide through the 
primeval forest, and ornamenting it with iron pillars and cairns, 
at a cost to both countries which was enormous. Similar lines 
have been employed to define the boundaries of Canada and 
Alaska, to separate many of the Australian Colonies from each 
other, to determine European Spheres of Influence or Protect- 
orates in Africa, and, quite recently, to define the Russian and 
Japanese shares of the island of Saghalin. Such lines are very 
tempting to diplomatists, who in the happy irresponsibility of 
their office-chairs think nothing of intersecting rivers, lakes and 
mountains, or of severing communities and tribes. But even in 
the most favorable circumstances they require an arduous tri- 
angulation on the spot, and until surveyed, located, and mark- 
ed out, have no local or topographical value.” 


The above-quoted two paragraphs contain very interesting 
statements, and the second one is practically pertinent to the 
subject of this paper. 

By Article Il. of the Convention of October 20, 1818, 


“Itis agreed that a line drawn from the most northwesterly 
point of the Lake of the Woods, along the forty-ninth parallel of 
north latitude, or, if the said point shall not be in the forty-ninth 
parallel of north latitude, then that a line drawn from the said 
point due north or south as the case may be, until the said line 
shall intersect the said parallel of north latitude, and from the 
point of such intersection due west along and with the said 
parallel shall be the line of demarcation between the territories 
of the United States, and those of His Britannic Majesty, and 
that the said line shall form the northern boundary of the United 
States, and the southern boundary of the territories ot His 
Britannic Majesty, from the Lake of the Woods to the Stony 
Mountains”? (Rocky Mountains). 

This line is 860 miles long. 

In passing it may be remarked that in the above description 
is contained the explanation why Minnesota projects into 
Canada at the North West Angle,—because the North West 
Angle happened to lie north of the 49th parallel; a connection 
had to be made between a physical feature and a fixed astro- 
nomic line. 

The remaining part of the international boundary along the 
49th parallel is described in Article | of the Treaty concluded at 
Washington on June 15, 1846, as follows: From the point on the 
“forty-ninth parallel of north latitude, where the boundary laid 
down in existing treaties and conventions between the United 
States and Great Britain terminates, the line of boundary be. 
tween the territories of the United States and those of Her 
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Britannic Majesty shall be continued westward, along the said 
forty-ninth parallel of north latitude, to the middle of the chan- 
nel which separates the continent from Vancouver’s Island, 
and thence southerly through the middle of the said channel, 
and of Fuca’s Straits, to the Pacific Ocean.”’ 

This line is 410 miles long, making a total in round numbers of 
1,27U miles along the 49th parallel. 

The part from the Lake of the Woods to the Rocky Mount- 
ains wassurveyed and marked by monuments by an internation- 
al commission during the years 1872-3-4, while on the remain- 
ing part to the Pacific, an international commission determined 
individual points on the 49th parallel and erected some monu- 
ments during 1857 to 1861, but the boundary line was not then 
wholly surveyed owing to the mountainous character of the 
country; this, however, has recently been effected by another 
international commission, of which Dr. W. F. King, C.M.G., was 
the British representative, and Dr. O. H. Tittmann the repre- 
sentative for the United States. 

Let us dwell tora moment on the meaning of the word lati- 
tude and on the method of determining it. Latitude may be 
defined as the elevation of the Pole, orits height in degrees above 
the horizon, and the method is to measure with a suitable in- 
strument from the horizon the angle to the Pole. Next let us 
inquire what is the horizon from which we measure, and the 
answer is,—the plane at right angles to the vertical; and, finally, 
we ask what is the direction of the vertical? The answer is,— 
it is the integrated result of the attraction of the individual 
particles composing the mass of the Earth, and hence the posi- 
tion is affected by the relative distribution of them. We may 
therefore say that the unsymmetrical distribution of the part- 
icles, whether on the surface as mountains or valleys, or in the 
thin crust, is the cause of the “deflection of the plumb line” or 
vertical from its theoretical position, and latitude observations 
will be affected by just this amount of deflection. In some 
instances we are quite prepared to find local deflections of the 
plumb line, for example, when observations are taken on the 


plains at a point near a more or less isolated upheaval, as the 
Three Buttes or Sweet Grass Hills in Montana, just south of 
the International Boundary. These hills, as we shall see later, 
pulled the 49th parallel out of its theoretical position about 
800 feet. On the other hand, large deflections show themselves 
without any visible reason or cause as evolves from numerous 
observations and their geodetic connection. 


From such it must 
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be concluded that there exists beneath the surface of the Earth 
matter of abnormal density. 

All observations for the determination of positions upon the 
Earth depend upon the direction of the vertical. Latitude and 
longitude observations, the surveyor’s and engineer’s operations, 
all have their zero of reckoning in the center of the level bubble, 
and any displacement of the latter, which is equivalent to the 
plumb-line, affects the results, and will show discordances when 
widely separated observations are geodetically connected. 

It may be stated that a delicate level used for latitude work, 
reading to a second of arc, has usually a radius of about 1,700 
feet, or nearly a third of a mile, tor the curve ground on its 
inner upper surface. 

When a boundary is defined by a parallel of latitude, the 
question invariably arises, in the demarcation of it, whether the 
astronomic or mean parallel is to be adopted. The astronomic 
parallel is that line on the surface of the Earth on which direct 
observations for latitude give the same elevation of the Pole; 
geometrically, for the spheroid or ellipsoid of revolution, it is 
the angle made by the normal to the surface of the Earth with 
the major axis, or it is the angle made by the tangent cone 
with the minor axis produced. Principally owing to the local 
deflection of the plumb line, points astronomically determined 
in latitude will not ‘‘close,” that is, the line projected or de- 
termined as a parallel from one station will not meet the next 
point or astronomic station. 

That line with reference to which the sum of the discrepan- 
cies north is equal to the sum of those south is the mean parallel. 

However, as the latter can only be determined after the loca- 
tion and connection of the astronomic points, entailing revision 
of the whole work, and besides the difficulty of re-establishing 
points on the mean parallel in case of loss or disappearance of 
monuments and marks, it has generally been decided to adhere 
to the simpler and more readily established astronomic paral- 
lel. All such parallels traced upon the Earth are irregular curves. 

On the line from the Lake of the Woods to the Rocky Mount- 
ains, 860 miles, 40 astronomic stations were established, and 
388 monuments erected. 

After due consideration, the commissioners for this part of 
the parallel agreed upon the astronomic parallel. The recom- 
mendation for this, by the chief astronomers of the commission, 
was based on the following grounds:—1st: That the portion 
of the parallel of 49° included within the operations of the 
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commission, being only about one-twentieth of the entire circle 
of latitude, was not sufficient to fix, with any mathematical 
accuracy, the true position of the mean line of 49°, and that, 
therefore, if such a parallel were described, depending on the 
mean of the astronomic stations, no known point of the bound- 
ary would be in latitude 49°; 2nd: That as the amplitude of 
the arcs, included between the mean and the astronomical 
parallels, would in many cases be very considerable, grave errors 
and complications might arise in the subsequent re-survey of 
any lost portion of the boundary; 3rd: That the definition of 
a mean line would involve a re-adjustment of the whole bound- 
ary, after the first careful survey should have been completed, 
and consequently a very considerable increase of expense, with- 
out any practical benefit accruing; 4th: That for every pur- 
pose, except that ot geodetic computation, a parallel of points 
determined astronomically (instrumental errors aside), is a true 
parallel of latitude, and, therefore, fulfils the stipulations of the 
treaty under which the joint commission was organized. 

Accordingly, astronomic positions were determined at approx- 
imate intervals of twenty miles. These stations were connected 
by tracing upon the ground tangents onthe prime vertical circles 
at each successive point. From these tangents, checked and 
corrected for errors of azimuth, the calculated offsets to the 
small circle of latitude were measured at convenient intervals, 
varying from one to three miles. From the last mentioned off- 
set the relative station error (deflection of plumb line) was found 
and distributed between the two stations in the ratio of the 
distances where offsets were taken. From this method it results 
that the boundary line, as actually traced, is an irregular curve, 
affected at each astronomical point by instrumental errors and 
by the local deflection of the plumb line, making the closest 
probable approximation, atevery point, to a true astronom- 
ical parallel. 

Of the forty astronomical stations on the 49th parallel, four 
were observed jointly, seventeen by the United States astron- 
omer and nineteen by the British. The mean of the probable 
errors of the British stations was =’.088 and of the United 
States +’.05.9. The average of the probable error is then a 
little over seven feet. 

The greatest difference of station errors is 13”.89 or 1,407 
feet, being in a distance of 97%/19 miles, between the Cypress 
Hills to the north of the boundary, and the Three Buttes or 
Sweet Grass Hills near, and to the south of the 49th parallel. 
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The station error of the former is +5’.94, of the latter —7”.95, 
that is, the Three Buttes pulled the 49th parallel 805 feet 
south, and the Cypress Hills 602 feet north of the mean paral- 
lel. The greatest discrepancy between adjacent stations, about 
twenty miles apart, is 7.28 or 738 feet, near the Three Buttes. 

Looking at the accompanying diagram, in which the upper 
figure is a representation (much exaggerated) of the relative 
pusition of the astronomic and mean parallels, while the lower 
figure shows the main features of the topography for a distance 
of about thirty-five miles on each side of the boundary line, the 
large deflections appear obvious from the topography. From 
the Lake of the Woods, westward, into the valley of the Red 
River, the station errors increase, and for a reason which, from 
our lack of knowledge of the underlying strata, must be con- 
jectural. The escarpment of the Pembina Mountains (elevation 
would be a more appropriate term, height 1,695 feet) naturally 
draws the vertical southward, continuing to do so until the 
Turtle Mountains (of moderate elevation, 2,550 feet) are reached 
which, too, deflect to the south. After entering the Céteau of 
the Missouri we pass along the southern base of the high ridge, 
separating the waters flowing into the Gulf of Mexico, from 
those flowing into Hudson Bay, and find, naturally, a deflection 
to the north, increasing to a maximum south of the Cypress 
Hills (3,800 feet). Here the extrusive masses of the Three 
Buttes produce a violent disturbing effect. When we actually 
enter the tumultuous Rocky Mountains, with all their varied 
conditions of composition, of faults and dykes, and our lack of 
hypsometric maps, we are unable to even make a plausible 
estimate in which direction the local deflection is to be expected. 

It is evident that observations at two places, which are also 
geodetically connected can only give the relative deflection of 
the plumb line. 

For the boundary between the Lake of the Woods to the sum- 
mit of the Rocky Mountains, the Commissioners agreed that 
the line joining any two adjacent monuments shall be an are of 
the parallel. This was to apply, too, in the case of restoring 
any monument whose position was lost. This agreement differs 
from that of the boundary commissioners, who had charge, some 
17 years previously, of defining the boundary from the Gulf of 
Georgia to the summit of the Rocky Mountains. They agreed 
that the connecting line between monuments shall be a straight 
or direct line, 7. e., an are of a great circle. 

Between the extreme east and west points, upon the water- 
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shed of the Rocky Mountains, and the eastern shore of the chan- 
nel which separates the continent of North America from Van- 
couver Island in west longitude 114° 3’ 34” and 123° 3’ 53” 
respectively, the exact length of the boundary line upon the 49th 
parallel of north latitude is 409*/,) miles. The position of the 
parallel was determined by 28 astronomical stations, 11 of 
which were established by the British Commission, 14 by the 
American Commission, and 3 were observed by both. Another 
station was fixed by the British Commission at Schweltza 
Lake, but it was at the time rejected on account of the appar- 
ently large deflection of the plumb line, though the after experi- 
ence of the most accurate instrumental observations in that 
mountainous country, led to the conclusion that the result at 
Schweltza was quite as trustworthy as any of the others. It 
is, however, not included in the final determinations. 

At the first meeting of the Commissioners at Semiahmoo, 
August 13, 1858, it was concluded, after discussing plans for 
determining and marking the line as far as the Cascade Mount- 
ains, to be inexpedient at that time, in consequence of the 
great expense, consumption of time, and theimpracticable nature 
of the country, to mark the whole boundary by cutting a track 
through the dense forest. It was therefore agreed to ascertain 
points on the line by the determination of astronomical points 
at convenient intervals on or near the boundary; and to mark 
such astronomical stations or points fixed on the parallel form- 
ing the boundary, by cutting a track of not less than 20 feet in 
width on each side for the distance of half a mile or more, ac- 
cording to circumstance. Further, that the boundary be de 
termined and similarly marked where it crosses streams of any 
size, permanent trails, or any striking natural features of the 
country. In the vicinity of settlements, the line was to be cut 
a greater distance. Bessel’s value of the figure of the Earth was 
adopted. 

From the two points on the parallel, dependent, respectively, 
on the Sumass and Schweltza astronomical stations, cuttings 
were made to connect the points. When the cuttings met, there 
was found to be a discrepancy of 8”, say about 810 feet; they 
were, however, connected, though the line thus defined is obvi- 
ously not strictly the boundary of the treaty. The distance is 
about 944 miles. This relative deflection ot the piumb line, 8”, 
in so short a distance, is the largest on the whole 49th paral- 
lel, from the Lake of the Woods to the Pacific. When the cut- 
tings on the parallel from Sumass and the British stations at 
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Semiahmoo met, there was a discrepancy of 114 feet in the 
twenty miles, and between the United States astronomical 
station at the east shore of Semiahmoo Bay, and the British one 
five miles east thereof, a discrepancy on the parallel of nearly 
nine feet was found an error quite within theerror of oDservation. 

The only other cutting on the whole boundary line west of 
the Rocky Mountains, connecting adjacent astronomic stations, 
is between the Similkameen and the Columbia Rivers, a distance 
of 96 miles, The stations there in crder eastward are: Simil- 
kameen (U. S.); Lake Osoyoos (Br.); 1st Crossing Newhoila- 
pitkw (U. S.); 2nd Crossing Inshwointum (Br.); 3rd Crossing 
Statapoosten (U. S.); and at the Columbia (Br. and U.S.). 
From the point on the parallel at Lake Osoyoos, a line was run 
east and west 30'/; miles, connecting with similar points at 
Similkameen and at the 1st Crossing. -The line was found to 
strike 509 feet north of the former point and north of the latter 
364 feet, showing a marked deflection on the plumb line. When, 
similarly, an east and west line was run from a point on the 
parallel at Inshwointum, it was found to be south 300 feet of 
the point on the parallel at the lst Crossing, and 180 feet north 
of the point at Statapoosten. 

This shows, therefore, a discrepancy between the latitude at 
Lake Osoyoos (Br.) and Statapoosten (U. S.) ot 844 feet, due 
to local attraction or difference of local attraction. After ver- 
ifying the accuracy of the latitude observations, it was decided 
to adopt the mean parallel, based on the differences found, be- 
tween Similkameen and Statapoosten—a distance of 71 miles. 
This is the only part of the whole boundary line between the 
Lake of the Woods and the Gulf of Georgia, where a mean 
parallel has been adopted tor the boundary, instead of the 
astronomic parallel. These seventy-one miles were re-cut on the 
mean parallel. From the extremity of the mean parallel at 
Statapoosten, an east line was run to the Columbia, where a 
difference of 112 feet was found between the mean of the British 
and United States latitude determinations there and the mean 
parallel. The line (for final boundary) was thereupon deflected 
from Statapoosten so as to strike the above mean Columbia 
position of the 49th parallel. 

As already stated, the Boundary Commissioners hau agreed 
to understand the boundary laid out by them, to consist ota 
series of straight lines between the successively marked points, 
without regard to the distances between these two points or the 
curve of the parallel in the longer intervals. This they did upon 
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the consideration that it was of the greatest importance that 
nothing should be left for future discussion of settlement, and 
that the operations should be final and conclusive. It may be 
stated that opposite the center of a chord of 25 miles in length, 
the departure from the 4€th parallel would be about 40 yards, 
and of 12 miles, 9 yards. Both these departures are probably 
far smaller than the deflection of the plumb line, at the govern- 
ing astronomical stations. 

We have, therefore, in the actual boundary line of British 
Columbia, a deviation from the 49th parallel, as givenin the 
treaty of June 15th, 1846, in so far, that the straight lines re- 
place the curve of the parallel between all the stations, and, 
furthermore, that between Similkameen and Statapoosten, the 
mean parallel was adopted instead of the astronomically de- 
termined points. 

We have followed now the 49th parallel for 1,270 miles, about 
one-thirteenth of its circumference, and it has disclosed to us 
some of its vagaries as manifested in the latitude component of 
the deflection of ae plumb line. This boundary line is the long- 
est astronomic one on the Earth, the nearest approach to it 
being the meridian separating West Australia from North and 
South Australia. 

In connection with the deviation of the plumb line it may be 
interesting to quote a fewextracts from Dr. J. B. Messerschmitt’s 
report in the ninth volume of Das Schweizerische Dreiecknetz, 
herausgegeben von der Schweixerischen geodatischen Kom- 
mission. 

“Tf we connect all points having the same deflection in latitude 
we will obtain lines fairly parallel to the direction of the mount- 
ains. They show plainly and markedly the relative attractions 
of the Alps and the Jura, as is to be expected, the influence of 
the former extending close to the foot of the latter. i 
In the neighborhood ot Zurich the deflection is small while at 
Lucerne it is 6”; at Zugerberg the deflection in latitude is nearly 
9”; while at Rigi, which is only 36 km. to the south, it is be- 
tween 17” and 18”. As we approach the center of the Alps the 
deflection decreases, being about zero a little to the south of St. 
Gotthard. Similar conditions obtain on the south side of the 
Alps. While at Biasca the deflection is small, it reaches 17” at 
Lugano. . . . . These conditions are not, however, confined 
to Switzerland, but apply equally to the whole Alpine region of 
Austria, Italy and France, where, however, the data are not as 
complete as for Switzerland. The direction of the plumb line is 
always perpendicular to the mountains; the deflection increases 
rapidly as the mountains are approached, and values as high as 
30” have been obtained, although in Switzerland the maximum 
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is about 20”. If we compare the deflection on both sides of the 
Alps we obtain a difference of 50” in a distance of 100 km. 
Remembering that 1” in latitude is equivalent to 31 m. linear 
measure, it will be seen that the distance between two points, 
one north and the other south of the Alps, determined astro- 
nomically will differ from that obtained geodetically by over one 
percent. That is, in above 62 miles the distances will differ by 
5,000 feet, or nearly a mile.” 

The same law or force which causes the deflection of the plumb 
line, determines the length of the seconds pendulum, preserves 
the planets in their orbits, and maintains the stability of the un- 
iverse—is the law of gravitation. Our Earth furnishes us with 
many interesting problems, and the very discordances observed 
—apparent though they are—tend to lead us on to unraveling 
the mysteries and intricacies of nature, and to unfolding the 
unity and harmony of the cosmos. 





PHOTOGRAPHIC SEARCH FOR HALLEY’S COMET WITH 
THE TWO FOOT REFLECTOR OF YERKES 
OBSERVATORY. ; 





OLIVER J. LEE. 





FoR POPULAR ASTRONOMY. 


The historic interest associated with Halley’s Comet has 
doubtless led many cbservers to search for it with powerful 
photographic instruments during recent months. 

The comet was in the most favorable position for discovery 
at the present opposition at about the time of the winter sol- 
stice. Mr. F. E. Seagrave, of Providence, Rhode Island, had 
kindly sent to this observatory a search ephemeris derived from 
elements of the comet’s orbit computed by him over two vears 
ago. At the suggestion of Mr. Frost I began making exposures 
upon the predicted Halley fields using the full 61.5 cm. apert- 
ure of the Yerkes reflector, of focal length 243.6 cm. The 
field of the reflector is 7.5 cm and includes an area in the sky of 
about 3 square degrees. The emulsion of Lumiere Sigma plate 
employed had been tested and found to be about twice as fast as 
the usual Seed 27 emulsion. 

The following plates were made. For convenience I have given 
in the last three columns the ephemeris of the comet for this 
period. 
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Plate Date. Exp. C.S.T. a Center. 6 Center. Placescomputed by Seagrave 
1908 * _ = : 1908. °* = % 
R. 2178 Dec. 22 3 10:10 5 658 11 20 Dec. 21 6 3 11 26 
2179 22 2% 14:16 5 51 12 20 26 & 58 11 29 
2180 24 2% 10:27 5 52 10 10 31 5 63 11 32 
2181 24 2% 13:31 5 58 11 20 1909. 
2182 26 3 12:15 5 51 12 20 Jan. 5 5 48 11 37 
2183 28 3 13:10 5 57 11 25 10 5 44 11 42 
1909 
2184 Jan.12 3 9:05 5 43 11 8 15 6 39 11 45 
2185 17 3 8;58 5 39 11 40 
2186 19 3 $:50 5 41 11 30 


It will be seen that duplicate plates were obtained of most 
of the fields. This was done to allow for errors in the ephem- 
eris in right ascension where the motion of the comet is greatest 
and to make possible a better examination of the negatives 
obtained. By means of the “Blink-Mikroskop’”’ of our Zeiss 
Stereocomparator the plates of the same fields were optically 
superposed and minutely compared. Any moving object suffic- 
iently bright to affect the film should by this treatment have 
been discovered. As the comet was at this time presumably 
very faint and its motion on the plate about 114 mm during the 
exposure time, special attention was paid to the faint wisps, al- 
most at the limit of visibility, drawn out in an east and west 
direction. A number of specks were observed and recorded on a 
star-chart of the region prepared for this purpose, but examina- 
tion of these has shown no relation to the predicted places or 
motions of the comet. 

These negatives show traces of stellar light which, conserva- 
tively speaking, can not be brighter than the 17th or 18th mag- 
nitude photographically. In making this estimate I am indebted 
to Mr. Parkhurst for the benefit of his experience. Dr. Holet- 
schek gave thecomet a theoretical magnitude of 17.5 forthe time 
when these photographs were taken. 

This search would seem to warrant the conclusion that either 
the comet was not within 1° in declination and 2° in right ascen- 
sion of its computed place or that it was not brighter than the 
17th photographic magnitude. In view of the close agreement 
of computed places made by Cowell and Crommelin, Monthly 
Notices of the Royal Astronomical Society, March, 1908, with 
those of Mr. Seagrave, the latter conclusion is perhaps the 
correct one. 

Yerkes Observatory, 

Feb. 10, 1909. 
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AN ASTRONOMICAL THEORY OF THE MOLECULE 
AND AN ELECTRONIC THEORY OF MATTER. 


Solar and Terrestrial Physics Viewed in the Light Thereof. 


SEVERINUS J. CORRIGAN 





For POPULAR ASTRONOMY 
Part IV. (Continued.) 


THE TERRESTRIAL ATMOSPHERE. ITS VOLUME, EXTENT, DEN- 
SITY, PRESSURE, TEMPERATURE AND THE METEORO- 
LOGICAL EFFECTS CAUSED THEREIN BY THE 
SOLAR ELECTRO-MAGNETIC 
RADIATIONS. 


Additional observational data are very desirable in this con- 
nection, and I will now adduce further and probably more con- 
vincing testimony in corroboration of my theoretical determina- 
tion of the rate of temperature decrease upward, which testimony 
is to be found from a consideration of what is called the 
‘“‘snow-line.”’ 

It is obvious that at some definite altitude above any given 
point on the Earth’s surface the annual mean temperature of 
the air is 32° Fahr., or at the freezing point, and that precipita- 
tion occurring at temperatures below 32° must, therefore, 
generally be in the form of snow. Furthermore, if the quantity 
of snow deposited upon a mountain whose height exceeds the 
altitude at which the annual mean temperature aforesaid is be- 
low the freezing point, is just greater than can be wholly melted 
during the remainder of the year when the temperature is above 
32°, some of the upper portions of the mountain will be clad in 
a mantle of snow during all seasons, and the limit above which 
observation shows it to be so clad constitutes the snow-line or 
limit of perpetual snow. 

The altitude of this line is, of course, a variable quantity, even 
in the same mountain range, depending as it does upon the degree 
of exposure to the Sun’s rays, upon prevailing winds, and upon 
the quantity of precipitation. If there were no precipitation 
this line would not exist, no matter what the temperature may 
be; and if the snowfall were less than would be wholly melted 
during the period when the temperature is above the freezing 
point, the limiting line would be raised, while if the fall were 
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greater, this line would be lowered; but the average altitude in 
the most important cases is casily determinable, and has been 
quite well established by many observations. 

When the temperature (t,) at sea-level in any given locality is 
known, the altitude of the snow-line can be easily determined, 
theoretically, by means of Table IV, in the following manner: 
The normal temperature at sea-level, upon which the values 
set forth in the last column of that table are based, is 32° Fahr., 
or 492° absolute, and if, at any place, temperature (t,), reduced 
to sea-level, be 32°, it is evident that, coeteris paribus, the alti- 
tude of the snow-line would be 0, and that line be at the surface 
of the sea, and that, if the temperature be greater, the snow- 
line would be raised by a definite distance depending upon the 
excess of temperature above the freezing point, 7. e., upon the 


quantity (t, — 32°), so that the expression 492° — (t, — 32°), 
or 524° — t,, furnishes a value of the temperature for any value 


of t,, which, when compared with an equal value in Table IV, 
indicates the altitude at which the temperature is 32 

It should be noted here that the mean temperature of the 
summer months is, generally, sufficiently high to cause such an 
amount of melting that the snow-line in any case will be raised 
above the altitude which computation would indicate were the 
annual mean temperature at sea-level used as the basis of cal- 
culation; therefore, a mean value between said annual tempera- 
ture and the mean temperature of the summer months is the 
one that should be employed as the fundamental temperature 
(t,) atsea-level in allcomputations in this immediate connection. 

Now, it is very evident that, whatever may be the normal 
temperature at sea-level, the altitude at which the temperature 
is so low that snow can remain on a mountain top through- 
out all seasons is determinable by means of this expression. 

The datum line to which the height of any mountain is usual- 
ly referred is the normal sea-level, and if the place of observation 
be above this datum, the mean temperature thereat must be re- 
duced thereto by deducting 1° Fahr. tor each 300 feet of 
elevation. 

From the best observationally determined altitudes of the 
snow-line, in the case of several of the most prominent 
mountains of the Earth, I have, means of the expression last 
set forth, computed the values of the mean temperature (t,) at 
sea-level in each case and compared them with the observed 
value of said temperature, and the results are set forth in the 
following table, the first column of which contains the ap. 
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proximate latitude; the second, the names of the mountains; 
the third, the altitudes of the snow-line in each case; the 
fourth, the mean temperature at sea-level, computed from the 
altitudes aforesaid; while the last column contains the observed 
mean temperatures referred to the same level. The observed 
surface temperatures in most cases have been derived from 
isothermals charted for the globe, and local factors affecting the 
normal surface temperature in each case have been eliminated, 
as far as possible, so that the values given are true to within 
2°. The mountains named in the second column have been 
selected so as to represent each principal division of the globe 
and latitudes from the equator to the artic circle, Polynesia 
being omitted because the altitude of the snow-line exceeds the 
height of the loftiest peak in that division. 





| MEAN 
| ALTITUDI t 
LATITUDE | MOUNTAINS o1 
| SNOW-LINE. 
| FEET COMPUT'D OBSERVED 
a ee — — ! ee — — a — 
30 N. | Himalayas - - - - - - - 17,200 76 ej 
10:8; | | Peruvian Andes, - - 16,400 74 75 
20 N. | Mexican Cordilleras (Popoce ite spetl) 15,000 71 73 
32 N. | Atlas Mount: uins, Africa, - - 14,400 -— 70 
35 N | Fuji-san, Japan, - - - - - 13,000 — 67 
42 N. | Central Apennines, - - - 11,500 — 64 
47 N. | Mt. Rainier (or Tacoma) U.S., - 9,100 58 58 
47 N. | Swiss Alps, - - - - - - + 5 9,100 59 57 
3 N. | Pyrenees, - - e « 9,100 59 58 
42 N. Sierra Nevada (Mt. Sha: ista), Cal. 9,100 69 60 
57 N. | Ben Nevis, Scotland, - - 6,200 _— 52 
66 N. | Mountains of North Scandinavia, 3,000 44 43 





The blanks in the temperature column signify that the alti- 
tude of the snow-line is greater than the height of the mountain, 
in each case, therefore it cannot be directly observed, and the 
values of the altitudes in the third column in such instances are 
computed from the observed mean surface temperatures set forth 
in the last column, by a process the reverse of that employed in 
the computation of the temperature values which appear in the 
fourth column from the observed altitudes set forth in the pre- 
ceding one; but that these cases also conform to the general 
law can be demonstrated as follows: 

In the case of the Atlas mountains in northwestern Africa, 
my computed value of the altitude of the snow-line is nearly 
2,000 feet above the average height of the principal peaks of 
this range, and, therefore, these must be generally devoid of 
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snow, at least for a short time when the temperature at sea- 
level is highest (July and August), and observation indicates 
that, while snow may rest upon these mountain tops as late as 
June, it is absent during the next month or two. 

The height of the mountain Fuji-san, commonly known as 
Fusiyama—the sacred mountain of Japan—is very nearly 12,300 
feet, while, according to my computation, the altitude of the 
snow-line is 13,000 feet, or only 700 feet above the top of the 
mountain, which should, therefore, be wholly divested of its 
mantle of snow in mid-summer, and it is known to be, general- 
ly, in this condition in July and August. 

The height of Monte Corno, or the Gran Sasso, the loftiest 
peak of the Apennine range, is 9,600 feet, while my computed 
value of the snow-line is 11,500 feet; this range must, there- 
fore, be tree from snow during the summer, and Mount Velino, 
which is visible trom Rome, and whose height is 8,192 feet, is 
found to be snow-clad only from November until May. 

The highest mountain in the British Isles is Ben Nevis, in Scot- 
land, and, as my computation indicates that the snow-line in 
this case is nearly 1,800 feet above the top of this peak, it fol- 
lows that the British mountains are snow-clad only during the 
colder portions of the year, as observation shows them to be. 

Inthe Sierra Nevada, Calitornia, the quantity of precipitation is 
quite small, and a sequence of several dry seasons may raise the 
snow-line above the normal limit indicated in the table and may, 
in some cases, even cause it to vanish,—the quantity of snow 
precipitated during the winter being so small that it is whoily 
melted during the summer. 

As has been stated, the altitude of the snow-line depends upon 
the normal temperature at sea-level and upon the rate of de- 
crease upward, and since the operation of local factors cause 
these quantities to vary irregularly in different latitudes, the 
rate of decrease of the altitude of the snow-line with the lati- 
tude is also irregular; but an examination of the numerical 
quantities in the table last set forth above indicates that the 
normal altitude of the limit of perpetual snow is about 17,000 
feet at the equator, 9,700 feet in latitude 45°, and that this 
limit reaches sea-level in localities where the mean temperature 
(t,) is nearly 37°, which is the case at about 75°, north of 
which the Earth is always snow-clad. 

If the snow-line reached sea-level in latitude 90°, instead of 
latitude 75° the altitude of this line—in feet—would be given 
by the equation-- 
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Altitude = 17,000 X cosine of latitude; 
but, since it reaches the normal level 15° below the pole, the 
mean altitude in any given latitude may be expressed as 
follows— 

Altitude = 17,000 X cos lat — 50 X degrees of latitude; 


the error of the altitude thus determined being, in any cases, 
probably not more than 500 feet, which is not greater than the 
probable error of observation in this connection. 

The differences between the computed and the observed tem- 
peratures in the last table do not exceed 2°, and since the prob- 
able error of the determination of the mean temperature in any 
-ase is fully equal to that amount, and as the average altitude of 
the snow-line cannot well be determined within 500 feet—or 
even more—which corresponds to a temperature difference of 
between 1° and 2°, the results of theory and of observation in 
this connection may be regarded as being in perfect accord and 
as corroborating the determination of the rate of decrease of 
temperature upward which I have made and compared with 
Glaisher’s observations in his famous balloon ascension, 
described on preceding pages. 


as 


In many cases the regularity of the decrease of temperature 
as the altitude increases is interrupted by local causes and ab- 
normal conditions of the atmosphere, the ternperature in some 
‘ases even rising as the altitude becomes greater, and for a 
considerable distance; but since the agreement between the ob- 
served and the computed values in the case of Glaisher’s 
ascension, on September 5, 1862, is within 1°, or practically 
perfect, it appears that this ascension occurred under most 
favorable circumstances, the atmospheric conditions being then 
quite normal; and it is reasonable to conclude, therefore, that 
from the tabulated results in this case the true normal rate of 
temperature decrease upward can be determined. 

The computed values of the temperature at each mile of alti- 
tude up to 5.549 are tabulated on page 99, the initial or sur- 
face temperature bemg59°. If thesurface temperature were 32°, 
the values at each altitude in the last mentioned table would be 
27° less than the tabular ones, and from the rate of decrease 
indicated by the temperatures in that table I have derived the 
following values for the altitudes set forth in the first column. 
The surface temperature upon which these values are based is 
32° Fahr., and if the tundamental temperature have any other 
value, designed by t,, the true values can be derived from the 
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tabular ones by simply adding to the latter the quantity ex- 
pressed by (t, — 32°). 

The following tabulation is made for each mile of altitude up 
to the tenth, inclusive, which includes 87 per cent by weight of 
the whole atmosphere, and the field of operation of the forces 
which effect those disturbances of the atmospheric equilibrium 
which are of special interest and importance to mankind; while 
within the limiting altitude aforesaid is contained practically 
all of the aqueous vapor of the atmosphere, which vapor plays 
a very prominent part in the evolution of storms and their 
concomitant phenomena. 

In the second line are set forth the temperatures at the 
several altitudes, and the third line contains the number of feet 
corresponding to a temperature decrease of 1° Fahr., this being 
the average rate tor the whole distance from sea-level up to the 
altitude to which the tabular value of the rate corresponds. 


Altitude, in Miles.............. 0 1 2 3 4. 5 6 7 S 9 10 
TOMBCTREUTS ..cccsenescose0esases 32°) 14 2°| -9°|-19° -28°|-26°|-43° -50° -56° -60 
Peet per Degree. ....ccecocccsss| socese 300 352) 386 415 440 465) 490 515 540, 560 


Observation has demonstrated that the values of the comput- 
ed temperatures in this table are true up to an altitude of 





nearly seven miles—the greatest ever attained by man—and the 
regularity of the variation of temperature thus far indicates 
that they are also true up to the limiting altitude of this table, 
ten miles. The tabulated number (300) of feet per degree for 
the first mile, derived through my computation, is the same as 
that given by the mean of many observations, and it is the rate 
generally adopted by physicists. Between the surface and an 
altitude of two miles this rate increases to 352 feet per degree, 
and rises quite regularly up to an altitude of ten miles, where 





| it is 560 feet per degree, which increase of rate is also confirmed 
i by observation. 
The altitudes of prominent meteors and auroras also indicate 
i quite definitely the sensible extent of the atmosphere, above the 
Earth’s surface, and I have discussed the matter in the case of 
the latter phenomena in another part of PopuLAR ASTRONOMY. 
A meteor, out in space, is a cold, dark body, and in order that 
it should be heated to a degree sufficiently great to render it dis- 
tinctly visible, it is necessary that the quantity of motion lost to 
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the meteor and converted into the heat whereby that body is 
made luminous should be considerable, and, therefore, since the 
quantity thus lost depends upon the resistance of the atmosphere, 
which resistance varies directly with the density of the atmos- 
pheric gases along the meteor’s path, it is necessary that the 
density be considerable. 

Now, Professor H. A. Newton—an eminent authority upon 
this subject—says that the region of the meteoric paths may, 
in general, be regarded as between 40 and 80 miles above the 
Earth’s surface, and that an altitude greater than 100 miles, 
or one below 25, except in the case of a certain class of meteors, 
must be regarded as doubtful. The average altitude at which 
these bodies become distinctly visible may, therefore, be taken at 
60 miles; and the variations from this altitude may, in general, 
be regarded as quite small, and the height aforesaid as mark- 
ing the sensible upper limit of the atmosphere in such cases,—a 
fact which is indicated also by the values of the weight in Tables 
II and V. 

That the close agreement between the computed or theoretical 
temperatures at different altitudes and the rate of temperature 
decrease upward, with the observed values of these quantities, 
constitutes probably the most cogent and convincing testimony 
that can be adduced in proot of the truth of the !undamentalcon- 
cepts, principles and processes of my general hypothesis con- 
cerning the constitution and functions of gases, will, I think, be 
made evident through a consideration of the following facts: 
The temperatures in Table IV have been verified, both by directly 
observed values and also by the perfect agreement of the tabu- 
lar barometric heights with those observed in many cases; be- 
cause these heights depend upon the temperatures aforesaid, 
which are based upon the intrinsic temperatures set forth in 

able III, and the correctness of my concepts concerning the ef- 
fects of solar heat in raising the intrinsic temperatures from the 
values given in Table III; the consequent expansion of the at- 
mospheric envelope, and the resulting effect upon the tabular 
ralues of the barometric pressures and heights given in the latter 
is also proved by the agreement aforesaid. Furthermore, the 
intrinsic temperatures in Table III have been derived by means 
of computations based upon the law connecting the relative 
absolute temperature (7) with the relative density (D), which 








law is expressed by Equation 8, T=D*, as demonstrated on 
preceding pages, while the derivation of this equation involves 
the values of the diameter of a molecule of the atmospheric gases 








Severinus J. Corrigan 169 
under the normal conditions of pressure and temperature, of 
the diameter and normal orbital velocity of any atom thereof, 
and of the number of atoms in said molecule. Now if any one of 
these quantities, or any one of the principal fundamental con- 
cepts and processes of my general hypothesis concerning the 
constitution and functions of gases were materially in error, the 
observed and the computed temperatures at different altitudes 
would not agree as they do; in view of these facts, and since a 
fortuitous agreement of numerical values among so many divers 
quantities, derived through somewhat complicated processes, is 
so extremely improbable that it may be regarded as practically 
impossible, I think that I am warranted in asserting, as I do, 
that the verification aforesaid is complete. 

It is obvious that, whatever may be the immediate cause of 
those disturbances of atmospheric equilibrium which are called 
“‘storms’’, the ultimate cause of these phenomena is traceable to 
the radiant energy of the Sun, and if the latter were a cold body 
the terrestrial atmosphere would be quiescent; but the mode of 
operation of the solar forces in the generation of storms and 
their concomitant phenomena has never, I think, been fully com- 
prehended and clearly demonstrated. 

It is known that the thermal radiation emitted by the Sun 
passes through the upper exceedingly tenuous atmosphere—where 
the humidity is practically oi/—without heating the atmospheric 
gases in these regions, and that, when they enter the lower, 
denser and more humid portions, fall upon the Earth’s surface 
and are reflected therefrom, much ot this heat is retained in the 
atmosphere within an altitude of probably ten miles above sea- 
level. This heat expands the atmospheric gases and increases 
the relative humidity, each of which operations decreases the 
weight of a given volume of said gases and thus causes a dis- 
turbance of the atmospheric equilibrium, which disturbance— 
directed by the position of the Sun relative to the terrestrial 
equator and the axial rotation of the Earth—is the cause of those 
well-marked, orderly and comparatively slow atmospheric con- 
vection currents of which the trade-winds furnish a well-known 
type. Furthermore, suchirregularities in temperature and humid- 
ity—due te divers causes 





occur whereby less regular and more 
energetic disturbances are produced and storms generated; but 
these may be regarded as only local phenomena, and these baro- 
metric depressions—extending over quite large areas—in toward 
which the air moves, and which advance withcomparative slow- 
ness in a general eastward direction over the Earth’s surface, 
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have, according to my hypothesis, a different origin, although 
the disturbing factors aforesaid may play some part in their 
generation and maintenance. 

The most intense and perceptible action in the case of ordinary 
storms takes place in the lower atmosphere—probably within an 
altitude of one or two miles—and it is reasonable to assume 
that above an altitude of ten miles, which includes 87 per cent 
of the mass of the atmosphere and practically all of the atmos- 
pheric aqueous vapor, none of the ordinary manifestations of 
storms can occur; yet, according to my view, it is by the action 
of the radiant energy of the Sun, operating upon the very tenu- 
ous atmospheric gases in the upper region, that the true cyclonic 
movements of the air in toward an area of low barometer, or a 
storm center, are generated. 

According to my theory, as pointed out ina preceding part, a 
flash of lightning is caused by the complete disruption of a long 
line of atmospheric molecules and the subsequent recombination 
of the atoms, while the phenomenon known as “ball-lightning”’ 
is the result of the disruption of molecules the atoms whereof are 
impelled in all directions from a central point, in both cases a 
pressure being first exerted against that of the surrounding nor- 





mal atmosphere, both by the outflying atoms and by gaseous 
expansion due to the sudden development of heat in the affected 
gaseous matter the temperature whereot may be raised to above 
6,200° Fahr., or about that of the voltaic arc, and when re- 
combination of the atoms into normal molecules occurs, in the 
restoration of atmospheric and electrical equilibrium, and the 
heat developed is expended, a sudden condensation, or collapse, 
of the affected gases follows with loud detonations, a partial 
racuum being an inevitable physical consequence. Did space 
permit I could adduce here strong testimony, both from my 
own observations and those of others, to demonstrate that elec- 
trical action of this nature—particularly of that causing ball- 
lightning—is an important factor, if not the prime cause of the 
tornado the interior of the funnel whereof is a quite high vacuum 
in toward which the surrounding air presses with tremendous 
force setting up thereby the extremely rapid rotary motion of 
these atmospheric vortices in accordance with well-known laws 
of Hydromechanics, the force in action being purely mechanical, 
but the main-spring setting in motion this force being disruption 
oi the molecules of the atmosphere, such as causes ball-lightning 
atoresaid. The almost inconceivable velocity of the rotating at- 
mospheric mass in a tornado, in itself operates to disrupt the at- 








Severinus J. Corrigan 171 


mospheric molecules within the funnel and thereby to generate, 
frictionally, atmospheric electricity, or at least sustaining the 
racuum which is also in part due to the centrifugal force of the 
rotating mass. When an intensely electrified mass of air which 
assumes the shape of a ball of fire owing to the equal pressure 
of the flying atoms of the disrupted molecules in all directions, is 
unable to discharge its electricity, it floats insulated in the at- 
mosphere for a short time until it comes in contact with a con- 
ductor of some kind which enables a discharge to take place to 
the earth, or otherwise, when normal conditions are restored by 
the recombination of the dissociated atoms into molecules, and 
under my hypothesis an analogous restoration of equilibrium 
should take place in the funnel of a tornado when the vertex, ex- 
tending downward, comes in contact with the Earth’s surface. 
That such discharge does take place at times—ifnot always—was 
quite well attested in the case of a very violent tornado, witness- 
ed by me, that occurred in July 1890, almost within the limits 
of this city, on which occasion very many broken timbers 
were driven uniformly and almost vertically—as if by design— 
into some swampy land over which the funnel passed, the direc- 
tion in which the stakes were thus driven being quite different 
from that which would naturally result from the mere mechani- 
‘al action of the whirling mass of air which would effect a more 
horizontal distribution, the direction observed being more like 
that which would result from an electrical discharge, from the 
funnel of the tornado, into the wet, swampy earth which obvi- 
ously constituted a good electrical ground-connection. This pe- 
culiar distribution was noted and commented upon by nearly all 
observers who visited the scene shortly afterwards, and like 
phenomena have been noted in the case of some other tornadoes. 

Under the condition of my theory that the vacuum within 
the rotating vortex-tube of a tornado is caused or depends, either 
wholly, or partially, upon the disruptive electrical action above 
described, it is quite evident that any increase of such force must 
cause the funnel to extend downward, while a decrease of the 
internal motive force, by reason of discharge ot electricity to the 
Earth upon contact of the funnel therewith, must cause the op- 
posite effect; viz.: a retraction or updrawal of the vortex tube, 
and, finally, after a number of such actions and reactions the 
tornado must be dissipated. Now, it is a matter of quite com- 
mon observation that a tornado begins among the clouds at a 
comparatively small height above the Earth’s surface, (in the 
case just cited, the clouds from which the funnel sprang were, by 
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my measurement, at an altitude of between 3,000 feet and 6,000 
feet), that as it develops strength the funnel extends downward 
toward the latter, and that after passing along in contact there- 
with, for a comparatively short distance, the vortex tube is 
shortened and rises above the surface, this action being repeat- 
ed indefinitely until the prime motive force is wholly expended, 
either by discharge of electricity as aforesaid, or by frictional 
resistance against the whirling,mass, or by both causes operat- 
ing in conjunction. The peculiar sounds proceeding from the vor- 
tex tube of a tornado also point very distinctly to electrical 
action asa most important factor in the development of this 
phenomenon have been described by different authors as terri- 
ble; deafening crashes; rumblings as of heavy wagons driven over 
a stony road; roarings as of many trains of cars; as the hum 
of many pieces of machinery, all of which sounds are such as 
would be caused by disruptive electric discharges of divers de- 
grees of vivlence within the vortex tube, or funnel, of the tornado. 

The blasting, or withering effects upon flourishing vegetation 
over which the funnel has passed are often similar to those 
‘aused by intense heat such as that of flame and there have been 
cases within quite recent times in which credible observers have 
stated that they have seen a red glow within the funnel, one 
instance of the kind having been in the case ofa violent tornado 
that passed over the western end of Long Island just beyond the 
upper limit of New York City about fourteen vears ago, the 
statement of witnesses of this phenomenon, which were published 
in the leading New York Journals, being that the most striking 
feature of this tornado was the incessant flashing, as of short 
electrical discharges, within the funnel the interior of which 
seemed to be illumined thereby. The effects caused by a tornado 
upon non-conductors—or rather poor conductors—of electricity 
within its path are very remarkable, and most significant in this 
connection the closely adhering bark on even young, healthy 
trees being often stripped therefrom leaving the trunks bare and 
smooth, a fact that the following consideration may serve to 
satisfactorily explain. It it well known to physicists, and stu- 
dents of the subject, that there is a strong tendency, in the case 
of discharge of of static electricity, to a rupture, or rending, of 
any dielectric, or substance of poor electrical conductivity such 
as wood, leather, cloth, etc., as well as air, interposed between 
oppositely electrified masses and opposing the passage of the 
discharge between them in the process of restoration of electri- 
‘al equilibrium as in the case of air acting asa dielectric, between 
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two oppositely electrified clouds, or bet ween an electrified cloud 
and the earth the rupture of this dielectric in either case giving 
rise to the lightning flash and in the latter to a thunderbolt, or 
stroke of lightning. 

The disruptive action is frequently exemplified in a most re- 
markable manner when the clothing and particularly the shoes 
of persons are rent and torn from the bodies the persons them- 
selves, in some cases escaping practically uninjured a fact that 
indicates the superficial) character of the electric discharge 
which on its way to the ground glides as it were over the sur- 
face of their bodies, the action being confined to the thin layer of 
atmospheric moleculesin immediate contact therewithin a manner 
describedin a preceding part of thispaper. Fow] havesometimes 
been found stripped in like manner of their covering feathers, 
but alive, the feathers being of very poor electric conductivity. 

In the case of the phenomenon under immediate consideration 
three distinct processes acting conjointly and practically simul- 
taneously are involved. In the first place the electric discharge 
from the interior of the tornado in seeking a ground connec- 
tion through the moist sapwood just within the bark which is 
of poor electrical conductivity and acts as a dielectric, tends to 
rupture the latter; secondly the intense heat developed by the 
electric discharge in its passage through the moisture of the sap- 
wood must cause almost instantaneous evaporation of this 
moisture and consequently a great gaseous pressure outward 
against the confining bark which is thereby loosened from the 
trunk while in the thirdly the purely mechanical action of the air 
composing the vortex-tube and rotating around the axis thereof 
with enormous velocity completes the work of denudation of 
the bark from the trunk of the tree no matter how closely and 
tenaciously it may have adhered thereto before subjected to the 
three processes aforesaid. Probably a majority of physicists 
would assign the third described process as the sole and suffi- 
cient cause of this peculiar phenomenon, but it does not account 
for all of the facts of observation in this connection, while the 
combined action of all three processes does, and, therefore, ac- 
cording to a well-known canon of science, the truth of the hy- 
pothesis as to the cause rests in the concept of the concerted 
action of all three processes and this course of reasoningZand 
the conclusions derived therefrom is applicable to and hasjbeen 
applied by me in the case of the other mooted scientific questions 
discussed in this paper. 

St. Paul, Minn. To be continued. 
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AN IRISH ASTRONOMICAL TRACT.* 


J. E. GORE. 





In the library of the Royal Irish Academy there is an astro- 
nomical manuscript written about the year 1400 a. pb. It is 
written in Irish, but is, at least for the most part, a translation 
from the Latin. The original Latin version was a translation 
from the Arabic of Messahalah, or Masch Allah, an Arabic as- 
tronomer who lived about the close of the 7th century. A _ por- 
tion of another copy of this MS. is in the Academy library, and 
a third copy, nearly complete, is in Marsh’s Library, Dublin. 
The three copies apparently differ but little as to the§dates at 
which they were written. The tract contains numerous dia- 
grams, and those in the Academy copy are superior to those in 
Marsh’s Library. 

Messahalah was wellknown in Europein the Middle Ages as an 
astronomical writer, and some of his works are still’extant in 
Latin translations. These works seem to have been highly 
thought of in-those times. He lived in the reigns of the Khalifs 
Al-Mansur and Haroun al Raschid, that is, within the period a. p. 
754 to 833. He was, therefore, a contemporary of the tamous 
Arabian astronomer Alfragani. He seems to have been a Jew. 

The astronomical tract at present under consideration was 
translated into Latin in the 13th century by Gerard of Sabbion- 
etta, near Cremona. This translation was edited by J. Stabius 
with the title De Scientia Motiis Orbus, and was printed at Nur- 
emburg in the year 1504 a. p. It was afterwards edited by 
Joachim Heller, with the title De Elementiset Orbibus Coelestibus, 
and printed at Nuremburg in 1549. There is also a Latin MS. in 
the Bodleian Library, and this agrees well with the editions of 
Stabius and Heller. 

Messahalah’s work is chiefly based on Aristotle’s works De 
Coelo and Meteorologica, and on Ptolemy’s Almagest. 

A considerable portion of the matter contained in the Irish 
manuscript does not appear in the Latin versions of Messahalah’s 
work, and this seems to have been derived from Arabian sources 
of, perhaps, later date than the time of Messahalah. Indeed, 
some of it seems to be of much later date. For example, reference 
is made to spectacles, which seem to have been first used about 
1340 a. p. Other facts seem to show the same thing. This ex- 
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tra matter does not seem, however, to have been added ‘y the 
Irish translator, for he gives the Latin headlines of the chapters 
in question, showing that they existed in the original Latin 
from which he translated. Possibly the intention of the Irish 
writer was to complete a text-book for Irish students, and prob- 
ably it was used for this purpose in Ireland. The MS. inthe Rovy- 
al Irish Academy Library was bought in 1673 by Thomas Astle, 
F. R. S., Keeper of the Records in the Tower of London. Mr. 
Astle died in 1804, and the MS. then came into the possession 
of the Marquis of Buckingham at Stour. It was bought by the 
Earl of Ashburnham about the year 1849. In the year 188% the 
Ashburnham collection of MSS. was deposited by the Treasury 
in the Library of the Royal Irish Academy, where it still remains. 
In the year 1893 the Irish MS. was translated into English by 
Mr. J. J. O’Farrelly at the request of the late Rev. Maxwell H. 
Close, who was then Treasurer of the Royal Irish Academy; and 
some account of the contents of this valuable tract may prove 
of interest to the general reader. 

The work consists of 39 chapters, of which 12 are not due to 
Messahalah, or, at least, are not contained in the Latin versions 
of the tract. In the first chapter the writer begins by stating 
that the firmament is globular, and was ‘‘created and appointed 
under the guidance of the Creator himself.’’ The fixed stars, he 
says, arein the eighth firmament, and ‘fixed like nails in a 
board,”’ with no motion of their own, but moving with the 
sphere itself. On this theory the origin of the term ‘‘fixed stars’’ 
is obvious. The annual motion of the star sphere and return of 
the seasons prove, he says, that the Creator is still directing and 
ruling the world. 

In the second chapter it is stated that the earth is a globular 
mass in the middle of the system without anything tosupportit. 
Around the earth is water, and around that is the air. Round 
the air is fire, and surrounding all is the ‘‘firmament.”’ He gives 
a diagram of concentric circles, showing earth, water, fire, and 
firmament, like the coats of an onion. 

The third chapter deals with motions. He says there are three 
motions, viz.: (1) from the center; (2) towards the center; and (3) 
motion round the center, and says that all motions are derived 
from these three. The two elements which move towards the 
center are earth and water; those which move from thecenter are 
air and fire; earth being the heaviest, and air the lightest. The 
third motion seems to be represented by the daily rotation of 
the star sphere. 
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The fourth, fifth, and sixth chapters deal with the “primary 
qualities” of the four elements. Of these the ‘‘active principles’ 
are heat and cold, as in fire and ice. The ‘‘passive principles,” 
such as ‘‘dryness”’ and ‘‘wetness;’”’ are represented by earth and 
water. All bodies, he says, arecomposed of these four ‘‘elements.”’ 
This was the idea of the ancients. 

In the seventh chapter, which is not in the Latin version of 
Stabius, and was not probably due to Messahalah, the Irish 
writer shows that the earth is globular, and argues very cor- 
rectly that the reason we do not see the stars in the southern 
skies is that they are hidden by the rotundity of the earth. There 
were evidently ‘‘earth flatteners’’ in those days, for he says: 
‘‘And whoever should say that the earth is a plane surface with- 
out curvature, and that the sun rises at one side of it and sets 
at the other, we may say that it is impossible to find a reason 
or any argument to prove that. For if that supposition were 
true, the sun would appear to be small when rising, and in pro- 
portion as it mounts upwards and comes near to us it would 
appear to be larger and larger. But it is evident to everybody 
in the world who has seen it that such is not true, since we see that 
it is of equal size in the east and west, and in the highest point of 
the world. And hence it is proved that the earth and the course 
of the sun round the earth are both circular.’’ This, however, 
does not prove conclusively that the earth is globular; the argu- 
ment from the stars is much stronger. He refers to the appar- 
ent enlargement of the sun near the horizon, which seems to have 
been noticed at a very early date, and explains it by ‘‘vapors”’, 
and “haziness’’ near the horizon. This opinion was also held by 
Poseidonius in ancient times. But its truth is more than doubt- 
ful, and the phenomenon is now thought to be due to a physi- 
ological cause. In this chapter spectacles are referred toas being 
used by ‘‘old people.” He gives further arguments to show that 
the earth is not flat, and says “‘if you were in the city of Jerusa- 
lem the sun would set to you at Rome; and were you there, she 
would set to you in the west of France; and you being there 
she would set to you in the west of Spain.* And after that some 
place of the western sea would shut her out from your view. 
And if the sea would permit you to follow the sun she would 
change her setting each day that you would follow her until finally 
she would set where you saw her rise in the city of Jerusalem.”’ 

In chapter 8, which is not in Stabius’ Latin edition of Messa- 
halah’s work, the Irish writer speaks of the wearing down of the 
mountains by the action of rivers. 





He says “the rivers carry 














J. E. Gore 177 








with them to the sea the earth which they find softest, and 
this being there for a vast length of time it hardens and consoli- 
dates, and is turned into stone.”’ This and subsequent remarks 
on fossil shells found on the tops of mountains agree remarkably 
well with the principles of modern geology. 

Chapters 9 and 10, which are also missing in the Latin of 
Stabius, treat of the beat of summer, the cold of winter, earth- 
quakes, volcanoes, mineral springs, the saltness of the sea, etc., 
and much of this seems to be derived from Aristotle’s Meteoro- 
logica. 

In chapters 11 and 12, which are also absent from the Latin 
of Stabius, the tides and the annual rising of the Nile are discuss- 
ed. The remarks on the tides agree well with the views of Pliny, 
Poseidonius, and Strabo. With reference to the rising of the Nile 
the Irish writer says: “Some of the unlearned assert that the 
flood of the River Nile comes from the great rains which pour 
down in distant parts of the country; and that, according as the 
river fills, it overflows the land of Egypt. And what the rain 
does in other countries, it is that which the waters of the Nile 
does to the Egyptians. But we say that they have no argument 
or reason to prove this, but only a supposition.” It is, how- 
ever, now known that the above is the true explanation of the 
phenomenon. 

In chapter 13, which is found in the Latin edition of Stabius, 
the writer explains, or tries to explain, that ‘‘the firmament can- 
not be compounded of the four elements.” 

In chapters 14 and 15, which are not in the edition of Stabius, 
the Irish writer discusses the uniform and steady motion (or, 
rather, apparent motion) of the star sphere round the earth; and 
the habitable and uninhabitable regions of the earth’s surface. 
He places the limits of habitability at the 65th degree of latitude 
north and south of the equator. He refers to the signs of the 
Zodiac, and says that, according to the “ignorant,” “Aries, Leo, 
and Sagittarius are warm and dry, according to the nature of 
fire; Taurus, Scorpio, and Piscis [sic] cold and wet after the nat- 


’ 


ure of water.’’ These ideas have probably an astrological sig- 
nification. He refers to the unchangeability of the firmament, 
and this seems to be derived from Aristotle’s work, De Coelo. 
Chapter 16, which agrees closely with the Latin edition of 
Stabius, deals with the imaginary lines on the star sphere. But 





(Note omitted on page 176) 
* The geography here seems to be rather inaccurate. It seems curious that 


the Sun is referred to as ‘‘she.”’ 
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the description of these circles is very imperfect and sometimes 
erroneous. The important circle of the ecliptic is omitted! 

Chapter 17, which is not in the edition of Stabius, deals with 
“the difference in the rising and setting of the sun in various 
countries.’’ The Irish writer states that ‘‘the sun rises sooner 
to Babylon than to Egypt; and to Egypt than to Africa.* And 
in like manner she sets sooner to Babylon than to Egypt; and 
sooner to Egypt than to Africa.’”’* This he explains by a dia- 
gram, and says correctly that “it is the rotundity of the earth 
which causes the variety of the sun’s rising and setting in the 

{world.” 

In chapter 18 the Irish writer deals with the sun’s magnitude. 
He says that Ptolemy proved the great size of the sun, and ar- 
gues that if the earthand sun were of thesame size the shadow of 
the earth would extend to the sphere of the fixed stars and ob- 
scure their light. But Ptolemy believed—as Mr. Close pointed 
out—that the stars shine by their own inherent light, and, furth- 
er, it is evident that evenif the Earth had the same Jiameter 
as the Sun the Earth’s shadow would be quite lost when pro- 
jected on the star sphere. He then supposes that the Earth is 
larger than the Sun, and argues that in this case the Earth’s 
shadow would widen out and ‘would obscure the greater part”’ 
of the stars. He also says that there would be an eclipse of the 
Moon every month, which “would last throughout the night 
until morning.” But these statements are quite incorrect, as 
Mr. Close has pointed out. He says, and tls is correct, that 
the shape of the Earth’s shadow is acone, and that it ‘never 
passes beyond the orbit of Mercury, but ends not much beyond 
the upper side of the Moon’s sphere.”’ 

Chapter 19 deals with the origin of the Moon’s light, which 
the writer says ‘‘it receives trom the Sun.’”’ He thinks that the 
stars also shine by reflected sunlight. This idea was held by 
many of the ancient astronomers. Even Copernicus seems to 
have thought so! The phases of the Moon are explained with 
sufficient accuracy, but some of the diagrams given are incor- 
rectly drawn. 

In chapter 20 the writer deals with eclipses ot the Moon, 
which he explains correctly, but seems to think that a lunar 
eclipse may be partial at one place on the Earth's surface and 
total at another (like a solar eclipse), which is quite incorrect. 
If an eclipse of the Moon is total at any place it is so to every 





* By “Africa” is probably meant Carthage. 
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point cn the Earth’s surface from which the Moon is visible at 
the time. 

In chapter 21 the writer again returns to the light of the 
stars, and says “the light of all the stars comes from the Sun,”’ 
and ‘‘they are as round as a ball, like the Sun and Moon.”’ He 
speaks of the phases of Mercury and Venus, and says ‘“‘when 
they are twelve degrees proceeding westward of the Sun 
they are horned like the new Moon.’’ This fact could not 
have been derived from Messahalah’s work, for Messahalah 
could not have known anything of the phases of Mercury and 
Venus. 

In chapter 22, eclipses of the Sun are considered, and the 
writer correctly maintains that they are caused by the inter- 
position of “the body of the Moon,” which cuts off the light of 
the Sun. He shows that the Moon sometimes passes above or 
below the Sun, and ‘‘thus avoids producing an eclipse.’”’ He 
states—correctly in this case—that eclipses of the Sun are visible 
in some places and not at others. He says that in a total 
eclipse ‘‘the fixed stars become visible at mid-day, so great is 
the darkness.’”’ He also clearly refers to the possibility of ‘‘an- 
nular eclipses’’ of the Sun ‘‘twhen the Moon is exactly beneath 
the Sun in one straight line with her, and it is far from being 
as broad as she.’’ He also refers to possible transits of Mer- 
cury and Venus across the Sun’s disk. 

Chapters 23 and 24 deal with the variation of moonlight at 
different times of the lunar month. The writer says that the 
Moon first becomes visible in the evening sky when it is about 
12° distant from the Sun.* He says “if you wish to see the 
fixed stars in the day go in the morning or evening into a deep 
dark hole, and look above your head, and you will see them 
clearly in the summit of the nrmament above your head.’”’ But 
this is not the case, and has been often disproved. 

Chapters 25 to 29 treat of the imaginary lunar and solar 
‘‘spheres’”’ and the ‘“‘sphere of the stars.’’ These are the ‘‘defer- 
ents,’ “epicycles,’’ and ‘‘excentrics’”’ of the ancient astronomers, 
and have long since been swept away by the “‘light pressure’’ 
of modern science. In chapter 28 the writer ascribes the pre- 
cession of the equinoxes (as it is now termed) to a motion of 
the star sphere from west to east. This agrees with Ptolemy’s 
view. Copernicus, however, thought that the precession was 


* This is, on the average, nearly correct. 
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caused by the westward movement of the equinoctial points, and 
this is, of course, the true explanation of the phenomenon. 

In chapter 30 the writer deals with the seasons, but here his 
ideas seem rather confused. 

Chapter 31 deals with the supposed “‘spheres’”’ of the planet 
Saturn and their relation to other ‘‘spheres,’’ but his remarks 
are, in part, quite erroneous. 

Chapter 32 discusses the ‘‘retrograde motion” of Saturn and 
the other planets. As is well known, these retrograde motions 
were fairly well represented by the old ‘‘deferents” and ‘‘epicy- 
cles.” 

Chapter 33 deals with the ‘spheres of the fixed stars,’”’ which, 
the writer says, has a motion “ever and always from west to 
to east of the world.’’ This seems to refer to the apparent an- 
nual motion of the Sun among the stars. 

Chapter 34, which is not in the Latin edition of Stabius, deals 
with the size of the Earth. The writer concludes that the length 
of a degree is about 66%4 miles,* and that the circumference of 
the Earth is about 24,000 miles, which is a good approximation 
to the true value. The diameter, he says, is, therefore, about 
8,000 miles. This makes the value of 7 = 3, but, as Mr. Close 
points out, Archimedes long before made its value between 31° 
and 319. 

Chapter 35, which is not in the edition of Stabius, treats of the 
‘““seven habitable regions of the Earth.’’ Here we are told that, 
according to the ancients, all the habitable parts of the Earth 
lie between the equator and the North Pole, and that from the 
equator to the antarctic pole ‘‘no animal whatever can exist 
therein through the excess of heat’! The habitable portion 
north of the equator was divided into seven zones or ‘‘climates.”’ 
According to Mr. Close, the 6th climate extended from latitude 
481,° to latitude 5414° north, and the 7th from 541° to 584° 
north. Hence Ireland and nearly the whole of the British Isles 
lie within these two divisions. With reference to the 6th ‘“cli- 
mate,’’ the Irish writer says ‘‘the people ot this region are weak 
of body, and of bright color, having sleek hair, brutal and in- 
tractable’; and of the 7th “climate” he says ‘“‘the inhabitants 
of this region are unintelligent, hard to be instructed, weak of 
understanding, and of deficient memory, weak in body, and have 
fair, fine, yellow hair.’’ If these descriptions are at all correct, 


* 6624 miles in the copy in Marsh’s Library. 
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the inhabitants of the British Islands must have improved 
greatly since ancient times. 

Chapter 36, which is not found in the Latin edition of Stabius, 
treats ‘‘of the places in which the entire year is one day and one 
night.”’ This, of course, refers to the Arctic and Antarctic re- 
gions, and the phenomena are fairly well described. 

Chapter 37, which is in the Latin of Stabius, treats ‘‘of the 
winds and natures,’’? Some of the ideas contained in this 
chapter seem correct enough, but others are rather hazy and 
confused. For example, the writer states that in great battles 
the movements of the contending armies ‘“‘raises a wind,”’ which 
as Euclid says, ‘is absurd.”’ 

Chapter 38 deals with ‘‘clouds, thunder, rain, and lightning.” 
The formation of clouds is fairly well explained, but the ex- 
planation of thunder and lightning is confused and inaccurate. 
The writer explains why it is that, although the thunder and 
lightning are produced simultaneously in one place, the lightning 
is seen before the thunder is heard, viz., that sound travels with 
a less velocity than light. He seems to think, however, that 
the velocity of light is immeasurably great, for he says that 
“the eye sees in the same way the object which is near and that 
which is distant.’’ This is, of course, incorrect, but for light- 
ning it is practically true, as thunder clouds are always near the 
Earth. 

Chapter 39 treats “of the living things which grow, but have 
no sense.” This, of course, refers to plants, and the writer gives 
a fairly accurate account of vegetation. According to Mr. Close 
this chapter ‘‘differs a good deal from the corresponding chapter 
in Stabius,’’ and seems to be based on Aristotle’s work, 
De FPlantis. 





NEW DIRECTOR FOR GOODSELL OBSERVATORY. 

Professor Payne has resigned the directorship of Goodsell 
Observatory and has retired upon the Carnegie Foundation. 
He has full charge of the observatory time service and is still 
owner, editor and publisher of PopULAR ASTRONOMY. 

Dr. H. C. Wilson has been appointed director of the observa- 
tory. it gives us pleasure to say that the management of the 
observatory could not have been placed in stronger or abler hands. 

All matter for the observatory should be addressed to him; 
all intended for PopuLAR AsTRONOMY should be addressed to 
Professor Payne. 
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PLANET NOTES FOR APRIL, 1909. 


Mercury will be invisible during this month, coming to superior conjunction, 
behind the Sun, on April 21. 


BOZIMOM (Hiuen 





Si SOUTH HORIZON 


THE CONSTELTATIONS AT 9:00 P. M., APRIL 1, 1909. 


Venus also will be invisible during April, except to those who take especial 
pains during the first half of the month to follow the planet as long as possible 
in the bright dawn of morning. Venus will be at superior conjunction, behind 
the Sun, April 28. The two planets Venus and Mercury will be in conjunction 
April 19. 
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Mars is visible toward the southeast in the morning in the constellation 
Capricorn. The diameter of the planet is about 8”, so that the more prominent 
markings on its surface ought to be visible when the seeing is good. Its distance 
from the earth on April 1 is about 125,000,000 miles. 

Jupiter is a splendid object now in the evening sky, being near the meridian 
at 9 o’clock at a good high altitude, so that its situation is very favorable to tel- 
escopic study. Quite a small telescope will show the belts and the four larger 
satellites of Jupiter. The planet is in the lower part of the constellation Leo, a 
little southeast from Regulus, the star in the handle of the Sickle. 

Saturn will be in conjunction with the Sun April 2 and so will not be visible 
during April. Saturn and Venus will be in conjunction April 9. 

Uranus will be stationary, at the east end of its short path in Sagittarius 
on April 25. The planet may be observed in the morning with the aid of a tele- 
scope. It will be at quadrature, 90° west from the Sun on the morning of 
April 11. 

Neptune will be at quadrature, 9V° east from the Sun, April 4. It may be 
found in the early evening with the aid of a large telescope, in the constellation 
Gemini, a little over a degree northeast of the variable star ¢. 





Occultations visible at Washington. 


IMMERSION EMERSION. 

Date Star’s Magni- Washing- Angle W ashing- Angle Dura- 
1909 Name tude. ton M.T. f'm N. ton M.T. f'm N tion. 

h m “ h m ° h m 
Apr. 1 42 Leonis 6.1 7 18 133 8 43 278 1 25 
3 vu Virginis 4.2 3 56 153 4 Si 241 O 38 
6 95 Virginis 5.4 9 19 125 10 33 302 1 14 
6 « Virginis 4.2 14 15 105 15 36 318 1 21 
8 47 Libre 5.8 13 29 74 19 31 312 1 02 
9 w Ophiuchi 4.5 9 12 122 10 08 = 281 0 56 
14 37 Capricorni 5.7 15 32 94 16 38 241 1 06 
24 528 Gemini 65 8 24 82 9 27 293 1 03 
30 _v Virginis 4.2 13 03 71 13 46 349 0 43 





Phenomena of Jupiter’s Satellites. 


Central Standard Time, beginning at noon. 


h ™ h m 


April 2 6 31 II Sh. In. April 7 10 O07 IV Ec. Re. 
7 51 II Tr. Eg. 13 16 II Oc. Dis. 
9 22 II Sh. Eg. °° 7 t 2 tee 
3 6 10 III Sh. Eg. 9 O7 II Sh. In. 
14 40 I Oc. Dis. 10 12 I Tr. Eg. 
4 12 00 | in ip 11 O08 MII Sh. Eg. 
12 48 I Sh. In. 10 6 33 III Tr. Eg. 
14 19 I Tr. Eg. 6 45 III Sh. In. 
15 06 I Sh. Eg. 10 O9 III Sh. Eg. 
5 9 U7 I Oc. Dis. 11 7 O4 II Ee. Re. 
12 12 I Ec. Re. 13 47 [ Tr. tn. 
6 6 27 [ Te. oh. 14 42 Sh. In 
7 15 I Sh. In. 12 10 55 Oc. Dis. 
& 46 L te Ge 14 07 Ec. Re 
9 35 I 


Oc. Dis. 9 11 
Ec. Dis. 10 332 
Ec. Re. 11 30 


13 15 
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oO 
_ 
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— 
ae 
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J 

I 

I Ec. " 
Sh. Eg. isa 86 I Tr. In. 
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h m h wm 

Apr.14 8 35 I Ec. Re. Apr.22 6 59 I Te. Be. 
16 8 46 IV Tr. Eg. 7 5&3 I Sh. Eg. 
138 41 IV Sh. In. 2a 13 66 Tr. In. 

16 9 43 II Tr. In. 13 41 IV Oc. Dis. 
11 43 II Sh. In. 24 10 16 ITI Tr. In. 

i2 sé If Tr. Eg. i3 44 Ill Tr. Eg. 

14 33 II Sh. Eg. 25 7 15 II Oc. Dis. 

17 @ 88 1 fr. in. 12 16 II Ee. Re. 
10 O06 III Tr. Eg. 27 G6 27 II Sh. Eg. 

10 44 III Sh. In. 11 53 I Tr. In. 

14 O7 III Sh. Eg. 13 O1 I Sh. In. 

18 9 40 II Ec. Re. 14 12 i Tr. Ee. 
19 12 43 I Oc. Dis. 28 7 52 III Ec. Re. 
20 10 03 s ‘Fe.- in. 9 O1 I Oc. Dis. 
11 06 I Sh In. 12 25 I Oc. Re. 

12 22 I Tr. Eg. 29 7 2 I Sh. In. 

13 24 I Sh. Eg. 8 40 L De. Be. 
de I Oc. Dis. 9 48 I Sh. Eg. 
10 30 I Ec. Re. 30 6 54 I Ec. Re. 


Note.—In., denotes ingress; Eg., egress; Dis., disappearance; Re., reap- 
pearance; Ec., eclipse; Oc., occultation; Tr., Transit of the Satellite; Sh., 
transit of the shadow. 





COMET NOTES. 





Elements of the Periodic Comet Tempel-Swift.—In Bulletin As- 
tronomique, Jan. 1909, Mr. E. Maubant gives the results of his computations in 
carrying forward the elements of the Tempel-Swift comet from the epoch 1897 to 
1908. In the interval 1897-1902 the period of the comet was changed by the 
perturbations of Jupiter, the effect being to lengthen the period some 48 days, so 
that the comet was not found at its return in 1902. In 1908 its situation ren- 
dered it very faint but it was discovered by Javelle at Nice on Sept. 29. The ele- 
ments are thus verified with a still further increase of period of three or four days. 


ELEMENTS OF COMET TEMPEL-SWIFT. 


Epoch : 1908 Sept. 23.0, Paris mean time. 


T = 1908 Sept. 30.88236 
M = 368° 37’ 56” .6 
T 43 651 35 -2| 
7) 290 9 32 .9} 1900.0 
i —— 5 26 51 if 
® = 89 387 38 .7 
im 624.6084 
log a 0.502933 


The writer states that in the period 1908-1914 the perturbations by Jupiter 
will be more considerable than in 1897-1903, for the comet will approach nearer 
Jupiter. At aphelion in 1900 the elongation of the comet from Jupiter was about 
+ 17°; in 1911 it will be about 0°. As the elongation will be negative before 
and positive after aphelion it is impossible to foresee which way the period will 
be changed. 

















Variable Stars 


VARIABLE STARS. 





Nomenclature of Recently Discovered Variable Stars. 


Provis 
Notation 
A. N. 


142. 
136. 
144. 
184. 
135. 
35 
68. 
178. 
39 
40. 


t 


70. 
71. 
181 
73. 
76. 
187. 
79. 
80. 
29. 
180. 
31. 
188. 
32. 


189 
190. 
9 
192. 
193. 
49. 
6. 
7 
8. 
165. 
167. 
168 


44. 


137. 


154. 
47. 
139. 
158. 
182. 
14. 


128 


132. 
133. 
141. 
143. 
197. 
102. 


1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 


.1908 


1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1907 
1908 
1907 
1907 
1907 
1908 


.1908 


1907 
1907 
1907 
1907 


.1907 


1907 
1907 
1907 
1907 
1907 
1907 
1907 
1908 


.1907 


1907 
1207 
1907 
1907 
1907 
1907 





Name 


SX Cassiopeiae 
SY Andromedae 
SY Cassiopeiae 

U Phoenicis 

V Tucanae 

SU Persei 

ST Persei 

SS Tauri 

RW Camelopardalis 
RX Camelopardalis 
SW Persei 

RY Tauri 

RZ Tauri 

SW Aurigae 

SV Persei 

SU Aurigae 

S Caeli 

SX Aurigae 

SY Aurigae 

RZ Aurigae 

SV Aurigae 

SS Aurigae 

V Columbae 

ST Aurigae 

U Columbae 

U Canis majoris 
W Columbae 

U Lyncis 

RV Puppis 

V Canis major 
RX Geminorum 
RY Geminorum 
RX Monocerotis 
RT Ursae majoris 
Y Leonis 

Z Leonis 

T Sextantis 

SU Draconis 

RW Ursae majoris 
RU Ursae majoris 
SU Virginis 

SS Draconis 

RV: Ursae majoris 
RR Coronae bor. 
ST Draconis 

SV Draconis 

RW Cephei 

Z Lacertae 

RR Lacertae 

SZ Andromedae 
TT Andromedae 
V Phoenicis 
Nova Circini 


O 


LOOP PP PEP ROO ONNO 


ZMPARAAARAAGIAOS 


oe ee ee 
BNW HWHOWKYNHH- 


Oh to toh 
OW Cho 


m bob 


Position for 1900.0 


R.A 
m 
5 
s 
9 
30 
48 
15 
53 
31 
46 


56 


Ss 
28 
18 
19 
10 
5 
43 
24 
11 
42 
58 
Ad 
44 
0 
46 
37 
12 
38 
31 
53 
S 
48 
25 
21 
12 
49 
35 
51 
21 
44 
38 
42 
21 
28 


Dec! 


49 


—46 


—59 


~1 00 & 


LP bP oO 


do Nt tS 


tof Oo 
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ca 


rs 


Om 610002 5) 


-+ 


PONMNNONKRARPNNYONHWHWOKWKHWE 
aS PR a ae 9 oe : 


PP ae 
>A 


POSH HTE OEE PORE OE OOO RR ROORI NLL Sw! 
ns 


rt OD et et bt 
JoRo> Bore a 


@ 6) 
~ 


43 





1900 
Decl 
+0 33 
0.33 
0.33 
0.33 
0.33 
0 28 
0.24 
0.20 
0.18 
0.17 
0.16 
0.15 
0.13 
0.13 
0.11 
0.10 
0.10 
0.08 
0.08 
0.02 
+-0.01 
—0.01 
0.01 
001 
0.02 
0.02 
0.04 
0.05 
0.06 
0.06 
0.06 
0.12 
0.12 
0.25 
0.27 
0.258 
0.28 
0.33 
0.33 
0.33 
0.33 
0.33 
0.31 
a 
1 
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Nomenclature of Recently Discovered Variable Stars.—Continued. 


Provis. 
Notation Name Chart Place Magnitude 
A.N mR. A. Decl Max, Min, 
h mis ‘ : m m 
142.1907 SX Cassiopeiae 0 3 8 +54 65.1 8.8 9.6 v 
136.1907 SY Andromedae O 5 42 42 54.3 9.5 13 v 
144.1907 SY Cassiopeiae 0 7 26 +57 37.2 9.3 9.9 v 
184.1907 U Phoenicis 0 29 7 -—50 53.6 9.5 <11.5 ph 
185.1907 V Tucanae O 47 15 —72 40.8 8.6 103 ph 
35.1907 SU Persei 2 13 58 +55 56.2 9.2 10.1 ph 
68.1907 ST Persei 2 50 52 38 36.5 8.5 10.5 ph 
178.1907 SS Tauri 8 29 2 4 53.4 11 12 ph 
39.1907 RW Camelopardalis 3 42 32 58 12.9 8.2 9.4v 
40.1907 RX Camelopardalis 3 63 +O 58 15.2 8.6 9.2 ph 
2.1908 SW Persei 4 0O 53 41 49.5 8.4 9.4 Vv 
70.1907 RY Tauri 4 12 56 28 6.1 9.6 10.6 ph 
71.1907 RZ Tauri 4 28 7 18 27.9 10.0 10.6 ph 
181.1907 SW Aurigae 4 29 8 31 #3 11 <12.5 ph 
73.1907 SV Persei 4 39 36 42 4.4 8.8 9.6v 
76.1907 SU Aurigae 4 46 45 +30 19.8 8.6 91v 
187.1907 S Caeli 4 52 16 —33 20.8 9.7 10.5 ph 
79.1907 SX Aurigae GS i 2 +41 58.7 8.0 8.7 v 
80.1907 SY Aurigae 56 2 19 42 38.9 9.0 9.7 v 
29.1907 RZ Aurigae 5 39 57 31 38.9 10.6 13.3 v 
1801907 SV Aurigae 5 62 47 46 27.0 8.9 9.6 v 
31.1907 SS Aurigae 6 2 24 +47 46.2 9.0 <14.5 ph 
188.1907 V Colutmnbae 6 5 28 —30 43.0 10.4 <15 ph 
32.1907 ST Aurigae 6 4 O +46 49.2 10.5 <13 ¥v 
— U Columbae 6 10 17 —33 2.2 9.4 10.2 v 
189.1907 U Canis majoris 6 13 48 26 (7.4 9.8 <12 ph 
190.1907 W Columbae 6 23 46 —40 1.3 9.3 <11.5 ph 
9.1908 U Lyncis 6 27 50 +59 59 9.0 <12 ph 
192.1907 RV Puppis 6 38 34 —42 15.2 9.1 <11.6 ph 
193.1907 V Canis majoris 6 38 48 —31 39.8 10 <12 ph 
49.1907 RX Geminorum 6 40 41 +33 23.9 8.8 9.6 ph 
6.1908 RY Geminorum 719 7 +15 56.8 8.9 <10 v 
7.1908 RX Monocerotis 722 7 —4 O 9.5 <12.5 ph 
8.1907 RT Ursae majoris 9 8 18 +52 11.2 9.1 10.0 v 
165.1907 Y Leonis 9 28 28 26 52.8 9.3 11.2 v 
167.1907 Z Leonis 9 43 48 27 35.0 7.9 9.6 v 
168.1907 T Sextantis 9 45 56 2 440 8.9 9.6 ph 
43.1007 SU Draconis 11 29 33 68 8.1 8.9 96 Vv 
44.1907 RW Ursae majoris 11 32 56 52 48.8 9.3 10.3 v 
137.1907 RU Ursae majoris 11 34 1 39 17.2 9.0 <11 ph 
154.1907 SU Virginis 11 57 42 28 11 8.5 12.5 ph 
47.1907 SS Draconis 12 19 +45 69 29.4 9.2 10.0 v 
139.1907 RV Ursae majoris 13 27 34 54 44.5 9.2 9.9 Vv 
158.1907 RR Coronae bor. 15 36 8 39 1.5 5 a 8.2 v 
182.1907 ST Draconis 16 32 59 57 53.8 _ - —- 
14.1908 SV Draconis 18 30 1 49 12.7 9 12 ph 
128.1907 RW Cephei 22 17 41 55 13.9 8.2 8.8 ph 
132.1907 Z Lacertae 22 35 9 56 44 8.2 9.0 v 
133.1907 RR Lacertae 22 35 41 55 40.6 8.5 9.2v 
141.1907 SZ Andromedae 22 52 54 42 45 9.7 <11.0 ph 
143.1907 TT Andromedae 23 6 40 +45 21 10.5 11.8 wv 
197.1907 V Phoenicis 23 25 39 —46 40.5 8.6 <12 ph 
102.1907 Nova Circini é a 
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Minima of Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time beginning with noon. 


U Cephei 


d h 

Apr. os 
5 19 

8 7 

10 19 

13. «6 

15 18 

18 6 

20 18 

23. «6 

25 17 

28 5 

30 17 

RZ Cassiop. 
Apr. - =e 
3 2 

4 7 

5 11 

6 16 

7 21 

9 1 

10 6 

a 625 

12 15 

13 .20 

15 1 

16 5 

17 10 

18 15 

19 19 

21 0 

se Ae 

23 10 

24 14 

25 19 

27 O 

28 + 

29 9 

30 14 

RX Cephei 
Apr. 19 0O 

Algol 

Apr. 2 5 
5 2 

7 22 

10 19 

13 16 

16 13 

19 10 

am 

25 3 

28 0 

30 21 
RT Persei 
Apr. : 32 
2 8 

3 4 

4 1 





RT Persei 
d h 
Apr. 4 21 
5 18 

6 14 

7 10 

3 7 

gy 3 

9 23 

10 20 

11 16 

12 13 

13 9 

14 5 

16 2 

16 22 

16 19 

17 15 

ss ii 

19 8 

20 + 

21 te) 

21 21 

22 if 

23 14 

24 10 

-5 6 

26 3 

26 23 

27 20 

28 16 

29 12 

30 9 
Tauri 
Apr. 2 i8 
6 17 

10 16 

14 14 

18 13 

22 12 

26 11 

30 10 
RW Tauri 
Apr. 3. 3 
S 2i 

8 16 

13. 10 

14 4 

16 23 

19 17 

22 12 

25 5 

28 1 

30 19 

RV Persei 

Apr. a to 

3 14 

5 14 





RV Persei U 


doh d h 
Apr. 7 13 Apr. 14 19 
9 13 17 15 
1i 12 20 10 
6 as 23 5 
16 11 26 0 
17 10 28 19 
19 9 RW Monoc. 
21 9 Apr. 2 13 
23 t 11 
25 7 6 ~ 
27 7 8 6 
29 6 10 4 
RW Persei i2 2 
Apr. 10 20 14 0 
24 1 15 21 
RS Cephei 1% 19 
Apr. 10 8 19 17 
22 18 21 15 
: , 23 12 
RY Aurige 25 10 
Apr. : = 7 é 
- -* 2 8S 
5 20 ea 6 
8 13 wee 
11 7 RX Geminorum 
14 © Apr. 12 13 
16 18 24 18 
sf 
a. 7: RU Monoc. 
24 a2 AP 1 16 
o 46 2 14 
ai » ‘ 
-: f 3 11 
wits 2 + 9 
RZ Aurige 5 6 
Apr. s . 
5 8 ee 
8s 9 7 23 
11 9 ~ 20 
14 9 9 18 
17 10 10 15 
20 10 11 13 
23 11 12 10 
26 11 13 8 
29 il 14 5 
RW Geminorum 15 3 
Apr. 3 2 16 0 
& 23 16 22 
8 20 17 19 
ai 47 18 17 
14 13 19 14 
17 10 20 12 
23 4 21 9 
26 0 22 7 
28 21 23 4+ 
U Columbez 24 2 
Apr. 3 15 24 23 
6 19 26 21 
9 5 26 18 
iz 08 27 16 


Columbae 


To reduce to 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours.] 


RU Monoc. 


d h 
Apr. 28 13 
29 11 
30 s 
RY Geminorum 
Apr. 8 23 
18 6 
27 13 


R Canis Maj. 
Apr. 2 0 


3 4 
4 7 
5 10 
6 13 
7 ie 
8 20 
9 23 
11 2 
12 6 
13 9 
14 12 
15 15 
16 19 
17 22 
19 1 
20 5 
2t 8 
22 11 
23 #14 
24 18 
25 21 
27 0 
28 3 
20 7 
30 10 
Y Camelop. 
Apr. 1 19 
5 2 
8 9 
11 17 
15 O 
m6 UF 
21 15 
24 22 
28 5 
RR Puppis 
Apr. 6 22 
i3 9 
19 19 
26 «5 
V Puppis 
Apr. 1 : 
2 23 
4 10 
5 21 
: 2 


& 19 
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Minima of Variable Stars of the Algol Type.—Continued. 


V_ Puppis 


d h 
Apr. 10 6 
11. 16 
13 3 
14 14 
16 «(61 
17 12 
18 23 
20 10 
21 21 
23 8 
24 19 
26 6 
27 16 
29 3 
X Carinz 
Apr. 1 22 
s © 
4 2 
5 4 
6 «¢ 
7 8 
8 10 
9 12 
10 14 
1) 16 
12 18 
13 20 
14 22 
i6 O 
i 6 62 
18 4 
19 6 
20 8 
21 10 
22 12 
23 14 
24 16 
25° 18 
26 20 
27 22 
29 0 
80 2 
S Cancri 
Apr. 7 20 
17 8 
26 19 
S Velorum 
Apr. oS 7 
12 5 
18 4+ 
24 2 
30 i 
Y Leonis 
Apr. 1 10 
8 8 
4 19 
6 12 
8 +A 
S 2 
11 18 


Y Leonis 


Anr. 13 6 
14 22 

16 15 

a 6 6 

19 23 

21 16 

23. «8 

25 1 

26 17 

28 10 

30 2 

RR Velorum 
Apr. 1 8 
3 q 

5 1 

6 21 

8 18 

10 14 

a | 

14 7 

16 4 

18 0 

19 21 

21 iz 

23 14 

25 10 

ar hCG 

29 3 

30 23 

SS Cancri 
Apr. » 22 
4 19 

8 3 

11 10 

14 17 

18 0 

21 8 

24 15 

27 22 

RW Urs. Maj. 
Apr. 4 4 
23 612 

18 20 

Z Draconis 
Apr. : 3 
2 i2 

3 20 

S & 

6 i3 

t 22 

9 7 

10 15 

a2 0 

13 8 

14 17 

16 1 

17 10 

18 19 

20 3 

Zi 12 





Z Draconis U Ophiuchi 
d h d h 
Apr. 22 20 Apr. 7 4 
24 5 8 0 
25 13 & 21 
26 22 2 av 
28 7 10 13 
29 15 11 9 
31 0 12 5 
SS Centauri 13 ‘ 1 
Apr. 1 5 13 21 
3 17 14 1% 
6 4 15 14 
8 16 16 10 
11 3 17 6 
13 15 18 2 
16 2 18 22 
2] 1 20 14 
23 13 21 10 
26 0 2204 
28 12 = 6S 
30 23 25 25 
24 19 
6 Libra a - 
Apr 3 3 a ae 
a 4 26 ii 
0 11 97 7 
= 28 3 
10 3 299 «~O 
12 10 a9 20 
14 18 30 16 
17 2 ; 
19 10 Z Herculis 
24 2 ; = 
26 10 5 iT 
28 17 . = 
U Corone + zs 
13 14 
Apr. 1 + e ” 
15 15 17 
4 15 17 14 
> 19 16 
it 12 9 ‘ 
1. 21 13 
14 23 9° > 
23 16 
18 10 25 13 
= = 27 16 
25 68 BY 4 
28 19 hs sd 
RS Sagittarii 
RAre Apr. 3 5 
Apr. 4 16 5 15 
9 2 8 1 
13 12 10 11 
7 22 12 21 
22 9 im @¢ 
26 19 ae 3 
U Ophiuchi 20 3 
Apr. Lk « 22 13 
2 4 24 23 
240 27 9 
3 20 29 19 
4 16 V Serpentis 
5 12 Apr. 2 2 
6 68 5 13 
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V Serpentis 

d h 

Apr. 9 O 

Al ii 

14 22 

18 8 

21 19 

25 «66 

28 17 
115.1908 Ophi. 

Apr. L i6 

4 3 

6 14 

9 0O 

yh eo 

13 22 

16 9 

18 19 

21 6 

23 17 

26 63 

28 14 
116.1908 Ophi. 

Apr. 2 8 

10 

6 11 

8 13 

10 14 

12 16 

14 17 

16 19 

18 20 

20 22 

22 23 

25 1 

2t 62 

29 4 
RR Draconis 

Apr. : © 

_ oe 

3 10 

4 12 

6 15 

S i7 

7 20 

8 22 

10 O 

11 3 

12 5& 

13 8 

14 10 

15 13 

16 15 

1 is 

18 20 

19 22 

) ae | 

22 3 

23. («6 

24 8 

25 11 

26 13 
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Minima of Variable Stars of the Algol Type.—Continued. 


RR Draconis SX Sagittarii 


U Scuti SY Cygni RR Delphini 


a tc oh ke <0 42 doh 
é pr. = = Apr. oO ) Apr. 2 14 
20 424 9 16 7 4 
at ae 25 16 11 18 
28 20 pion. , 9 
29 19 WW Cygni ae ae 
30 18 Apr. - s 5 43 
4 io mi - 
RX Draconis 10 22 30 4 
Apr. 1 6 14 3 
a 17 13 VV Cygni 
5 J 20 21. Age. 2 1 
6 23 2 5 3 12 
8 20 27 12 5 O 
10 18 30 20 6 11 
12 15 7 93 
’ 2 . : 
14 Le SW Cyegni 9 10 
16 10 apr” 2 16 10 22 
eee 2 i2 9 
20 5 : ee 13 21 
22 2 a a 15 8 
¢ 9 H ‘ 
+ ian 20 23 16 19 
25 21 25 12 18 7 
29 16 . 7 21 6 
RV Lvre VW Cygni oe id 
Apr. 3 15. Apr. 8 16 24 60«5 
7 5 17 2 25 16 
10 20 25 1 3 27 + 
14 10 . 28 15 
TT _— UW Cygui 30 3 
21 15 Apr 2 12 
25 6 » 23 : 
2 20 9 10 UZ Cygni 
$ = 12 21 Apr. r 13 
U Sagittae 1G «8 
Ape. : 12 19 19 143.1907 Andr. 
= 99 23° 9 Apr. 1 21 
. ae 26 16 1. 16 
. 30 3 > 10 
14 16 
is 1 .o 8 
21 10 W Delphini 12 23 
a Apr. y 4 19 15 17 
24 19 “F = 
m4 14 18 11 
x 12 10 21 6 
SY Cygni 17 5 24 0 
Apr. 1 16 22 1 26 18 
7 #16 26 20 29 13 





d h d h 
Apr. 27 15 Apr. 14 12 
28 18 16 14 
29 20 18 16 
30 23 20 18 
22 20 
RX Herculis 24 21 
Apr. 1 11 26 23 
2 9 29 1 
3 6 
4 8 RR Draconis 
— = At. 2 18 
' & 92 5 14 
6 19 8 10 
- <2 11 6 
8 14 14 - 
9 11 16 22 
10 9 19 18 
11 6 22 14 
19 #8 25 10 
13 1 28 6 
13 22 U Scuti 
14 19 Apr. 1 38 
15 1% 2 2 
16 14 3 1 
17 11 1 0 
is 9 4 23 
19 6 5 22 
20 1 € 21 
21 1 ‘ 20 
21 22 8 19 
22 20 9 17 
23 17 10 16 
24 14 11 15 
25 12 12 i4 
26 =<9 13° 13 
21 ¢ 14 12 
28 + 15 11 
29 1 16 10 
29 22 7 9 
30 20 is 8 
SX Sagittarii 19 «6¢ 
Apr. 2 1 20 6 
4 3 21 4 
6 5 22 3 
8 7 23 2 
10 9 24 1 
12 10 25 0 
the names of the stars 
SY Cassiop. SY Cassiop. 
d h d h 
Apr. $3 O Apr. 19 7 
7 = 23. «9 
11 3 27 10 
15 «65 





Maxima of Variable Stars of Short Period not of the Algol Type. 





Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 


RW Cassiop RX Aurige Y Aurige 


3 


ree 19) ( “4 0) ria oO BS) 

Apr. 12 7 Apr 11 13 Apr. 2 19 
27 2 23 6 16 

10 12 





190 Variable Stars 





tae, P= — 





Maxima of Variable Stars of Short Period not of the Algol Type 


Continued. 
Y Aurigae R Crucis RTriang.Austr. Y Sagittarii X Vulpeculze 
i) 1 c ad h € iy 1 c 
Apr. 14 9 (—1 10) int (—-2 2) (—2 1) 
18 § Apr. 2 23° Apr. 3 21 Apr. 5 5. Apr. = oF 
22 2 8 19 7 10 23 8 15 
25 23 14 15 10 16 16 .18 14 23 
29 19 20 11 ‘a. 4 22 12 2t 6 
26 7 7 28 7 27 14 
T Monoc. S “ hi <- . 
(—9 23) S Crucis 20 20 U Sagittarii _ 
_ (—1 12) 24 35 Pi “eae V Vulpeculae 
Apr. 15 14 4 A (—2 23) Psi 
Apr. 6 15 27 15 99 Minimum 
W Geminorum 2 a, er sai aye. 1 : 16 Apr. 17 7 
—2 2) 16 © S Triang.Austr. 16 X Cveni 
—_ : —2 2 8 10 nse es 
Apr. 6 20 90 17 (-—2 2) 18 1 (—6 °° 19) 
14 18 25 10 “PT: : ." 25 4 Apr. 3 1 
oe > e < I 
= “+4 30 4 13 14 B Lyre 19 10 
‘ i Contact i pe -s 2 ion 
¢ Geminorum ng — = 22 (—3 7) Tr Vulpeculae 
(—5 0) ¢ . ? 28 6 . : (—i 20) 
Apr. r s 2 14 . o ‘7 Apr. 4 5 
11 7 ; 11 S Norme 19 9 S *” 
_ 21 10 -~ (+ 10) 26 1 ? 
RU Camelop. > 4 Apr. 6 20 Pavonis 17 12 
(—9 12) . ° 16 14 a  .o 
Apr. 2 11 ( ¢ 26 8 Apr. 5 10 26 9 
24 17 8 5 14 12 30 19 
9 L PY Gaorni: ete - —— ; 
V Carinz 10 2 ” peg 23 14 TX Cygni 
(—2 4) 11 1 Apr. 5 16 U Aquile Apr. 15 11 
Apr. os %§ 11 23 "410618 (—2 4) 30 4 
10 19 12 29 17 19 Apr. 5 F VY Cygni 
~ » <“ “ee ‘ : ‘ - °” 
17 12 13 20 23 21 12 ‘ ("6 14) 
94 5 14 19 ae 19 8 Apr. 1 15 
30 21 ‘si? 49 <4 26 8 9 12 
T Velorum iad VY iuchi 17 8 
a 40) 16 16 th mca U Vulpecule 25 5 
Apr. 3 3 17 14 \ linimum. hi? eee 
7 18 138 Apr. 3 10 Apr. 8 18 7 Cue} 
7 18 > I VZ Cygni 
12 9 29 it ‘ ad 16 18 (—2 ~12) 
17 1 20 10 10 19 24 17 (—3 6) 
21 16 21 8 14 11 : _ Apr. 5.10 
26 «7 22 7 18 4 SU Cygni 10 10 
an « 2: 5 21 20 2? 15 4 
30 2% 2305 - a 
bed : 8 94 4 25 13 Apr. 1 9 20 t 
W Carine oe o 299 5 &§ 6 24 21 
(—1 0) = ss ; o 2 3 
in. 8 8 26 1 ee 29 21 
Apr. ; 17 26 23 X Sagittarii 12 22 
. a o7 20 (—2 22) 16 19 Y Lacertae 
2 2 23 29 “Pt 62 15 20 15 (—1 10) 
16 11 a 9 15 94 1} Apr. 1 5 
20 20 29 19 16 15 28 #7 8 12 
25 5 OM 23 16 12 20 
29 14 W hia 30 16 n Aquilae iz7 3 
E Mose age. “10.17 2 2=—-¥ Ophinchi’ 1 EF 2. 3 
—: pe (—6 5) 4 : 4 5 ‘ 
Apr. 2 11 27 23) Apr. 84 16 11 6 30 02 
12 3 V Centauri 21 19 1s 10 
21 19 (—1 11) 95 14 5 Cephei 
T Crucis Apr. 1 19 W Sagittarii Apr. 2 2 
(—2 2) r ( (—3 0) S Sagittae 7 it 
Apr. 4 4 12 19 Apr. 6 5 es 10) 12 20 
10 21 as 7 13 19 Apr. 9 3 18 5 
17 15 23 19 21 9 17 13 23 14 
2+ 8 29 6 28 22 25 22 28 12 

















Variable Stars 


191 


Maxima of Variable Stars of Short Period not of the Algol Type. 


V Lacertae 


h d 

(—1 16) 
Apr. 3 18 
8 17 

13 17 

18 16 

23 16 

28 16 


Approximate 


(Communicated 


Name. 


h 
X Androm. 0O 
T Androm. 
T Cassiop. 
R Androm. 
S Ceti 
Y Cephei 
U Cassiop. 
RW Androam. 
V Androm. 
RR Androm. 
RV Cassiop. 
W Cassiop. 
Z Ceti 
U Androm. 
S Cassiop. 
U Piscium 
R Piscium 
RU Androm. 
Y Androm. 
X Cassiop. 
U Persei 
S Arietis 
R Arietis 
W Androm. 
Z Cephei 
o Ceti 
S Persei 
R Ceti 
RR Persei 
U Ceti 
RR Cephei 
R Trianguli 
T Arietis 
W Persei 
U Arietis 3 
X Ceti 
Y Persei 
R Persei 
T Tauri 
R Tauri 
W Tauri 
S Tauri 
7 Camelop. 


RX Tauri 


X Lacertae 


Minimun 

a h 

Apr. 6 § 
11 16 

17 3 

22 13 

28 O 


Continued. 


SW Cassiop. 


d I 
Apr. 4 18 
10 7 Apr. 
15 20 
21 9 
26 22 





RS L assiop. 


RY Cassiop. 
d h 


19) (—7 10) 
5 23 Apr l 18 
12 6 13 21 
18 13 260 1 
24 <0 


Magnitudes of Variable Stars on February 1, 1909. 


by the 
ae S Decl. 
1900. 1900 
m s J 
10.8 +46 27 
17.2 +26 26 
17.8 +55 14 
18.8 +38 1 
19.0 — 9 53 
31.3 +79 48 
40.8 +47 43 
41.9 +32 8 
44.6 +35 6 
45.9 +33 50 
417.1 +46 53 
49.0 +58 1 
1.6 2 1 
9.8 +40 11 
12.3 +72 5 
17.7 +12 21 
25.5 2 22 
32.8 +38 10 
33.7 +38 50 
4.9. 58 46 
53.0 +5 20 
59.3 +12 3 
10.4 +24 35 
11.2 +43 50 
12.8 +81 13 
14.3 — 3 26 
15.7 +58 8 
20.9 — O 38 
21.7 +50 49 
28.9 —13 35 
30.4 +80 42 
31.0 +33 50 
42.8 +17 6 
3.2 +56 34 
5.5 +14 25 
14.3 — 1 26 
20.9 +43 50 
23.7 35 20 
16.2 +19 18 
22.8 + 9 56 
22.2 +15 49 
23.7 +9 44 
30.5 +65 57 
32.8 + 8 9 


Director of Harvard College 





6.2d 
38.9 
10.57 
11.5 2 
12.0d 
12.9d 
8.6d 
9.0 
8.3 
7.81 
10.21 
9.8d 
12.0d 
10.0 
<13 
12.0d 
12.01 
8.61 


11.51 


X Camelop 
V Tauri 

R Leporis 
V Orionis 
T Leporis 
R Aurigac 
W Aurigae 
S Aurigae 
S Orionis 
T Orionis 
S Camelop 
RR Tauri 
U Aurigae 
Z Tauri 

U Orionis 


5 Z Aurigae 
i V Aurigae 


V Monoc. 
R Monoc. 
X Gemin. 
W Monoc. 


Y Monoc 


if X Monoc 


R Lyncis 
V Can. 
R Gemin. 
RCan. Min. 
RR Monoc 
V Gemin 

S Can. Min. 
U Can. Min. 
S Gemin. 

T Gemin. 

U Puppis 

R Cancri 

V Cancri 
RT Hydrae 
U Cancri 

X Urs. Maj. 
S Hydrae 

T Hydrae 
T Cancri 

W Cancri 

R Leo. Min 


Min. 


Observ 


at< 


4 


6 


( 
, 


ry, Cambridge, Mass.] 
R.A Dec Magn 
1900. 1900 
32.6 +74 56 13.0d 
46.2 Lz 22 9.31 
05.0 —14 57 8 5d 
0.8 $3 §8 <12.5 
0.6 —22 2 12d 
9.2 53 28 8.31 
20.1 +36 49 12 
20.5 +-$4 } 8.5 
24.1 — 4 46 9.0d 
30.9 - § $32 10.5 
30.2 68 45 10.8d 
53.3 +26 19 12.0 
355.6 +31 59 12.0d 
16.7 +15 46 12 
19.9 20 10 10.51 
53.6 +53 18 11.5d 
16.5 +47 45 9.3d 
17.7 — 2 9 11.8 
33.7 + 8 49 11.5d 
40.7 80 23 11.51 
47.5 - 7 2 11.4d 
§1.3 11 22 10.4d 
D2. — 8 56 7.5 
53.0 55 28 9.5d 
15 +9 2 12.4d 
13 +22 52 12.5¢ 
3.2 +10 11 8.01 
12.4 tH 1 17 10.5d 
17.6 iS 17 11.5d 
27.3 + 8 32 11.5d 
35.9 - 8 37 10.0d 
37.0 +23 41 <12 
13.3 +23 59 <12 
56.1 —12 34 <13 
11.0 +12 2 11.2d 
16.0 17 36 12.5d 
4.7 — 5 59 9Y9.2d 
30.0 +19 14 12 
33.7 50 30 11.5d 
48.4 3 27 8.017 
50.8 8 46 8.5d 
91.0 +20 10 9.31 
4.0 +25 39 10.0d 
16 +34 »S 7.0 
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Approximate Magnitudes of Variable Stars on Feb. 1, 1909—Con. 
, Name. R.A Decl. Magn. Name. R. A. Decl. 


Magn, 
1900. 1900 1900, 1900. 
h m ° ‘ h m i 4 

R Leonis 9 42.2 +11 54 7.6d R Draconis 16 32.4 +66 58 9.6d 
Y Hydrae 46.4 —22 33 7.2 UDraconis 19 99 +67 7 100i 
V Leonis 54.5 +21 44 12.07 R Cygni 34.1 +49 58 '12.5d 
R Urs. Maj. 10 37.6 +69 18'<12 x Cygni 16.7 +32 40 12.8d 
S Leonis 14 656.7 +6 O 11.0 SCygni 20 3.4 +57 42 11.0d 
T Virginis 12 95 — 5 29 11.6d SX Cygni 11.6 +30 46 <13.5 
R Corvi 14.4 -18 42 <12 WX Cygni 14.8 +37 8 11.5d 
SS Virginis 20.1 +1 19 7.0 UCygni 16.5 +47 35 10.6d 
T Can. Ven. 25.2 +32 312.5 ST Cygni 29.9 +54 38 13.5d 
Y Virginis 28.7 — 3 52 11.2d S Delphini 38.5 +16 44 10.5 
T Urs. Maj. 31.8 +60 2 12.5d V Cygni 38.1 +47 47 10.5 
RS Urs. Maj. 34.4 +59 2 <i X Cephei 21 3.6 +82 40 13.5d 
S Urs. Maj. 39.6 +61 38 11.8 TCephei 8.2 +68 5 9.8d 
RU Virginis 42.2 + 4 42 9.37 S Cephei 36.5 +78 10 10.5d 
U Virginis | 46.0 + 6 6. 8.8d RT Pegasi 59.8 +34 38 <13 
RT Virginis 57.6 + 5 43 9.0 T Pegasi 22 40 +12 3 9.81 
V Virginis 13 22.66 — 2 39 13d Y Pegasi 6.8 +13 52 <13.5 
R Hydrae 24.2 —22 46 ane RS Pegasi 7.4 +14 4<13.5 
S Virginis 27.8 — 6 4i 9.2d RV Peyasi 21.0 +29 58 11.5d 
T Urs. Min. 32.6 +73 56 12d S Lacertae 24.6 +39 48 ine i 
R Can. Ven. 44.6 +40 4% 9.2d R Lacertae 38.8 +41 51 12.571 
U Urs. Min. 14 15.1 +67 15 9.5d R Pegasi 23 16 +10 O 112d 
S Bootis 19.55 +54 16 8.07 V Cassiop. 7.4 +59 8 7.81 
R Camelop. 25.1 +84 17 9.0d W Pegasi 14.8 +25 44 8.0d 
S Ur-.Min. 15 33.4 +78 58 9.57 ST Androm. 33.8 +35 13 9.0 
R Coronae 44.4 +28 28 8.5 R Casssiop. 53.3 +50 50 9.2d 


The letter i denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled by Mr. Leon Campbell ot 
the Harvard College Observatory from observations made at the Vassar, Whitin 
Mt. Holyoke, and Harvard Observatories. 





GENERAL NOTES. 





Reunion of the Permanent Committee on the Photographic 
Chart of the Heavens.—President B. Baillaud of the Permanent Commit- 
tee formed in 1887 for carrying out the work of preparing a photographic chart 
of the heavens has issued the call for a reunion of the committee and those who 
have taken part in the work, to be held at the Observatory of Paris from April 
19 to 24, 1909. There are so many points of interest in the call and the suggest- 
ed program of the meeting that we print them in full. 

Observatory of Paris, Jan. 22, 1909. 
My dear colleagues: 

I have the honor of sending you an outline of the program for the meeting of 
the permanent international committee on the photographic chart of the heavens, 
which will be held at the Observatory of Paris, April 19-24, 1909. 

The last meeting of the committee took place in 1900. Not only the primary 
work of the photographic chart of the heavens was considered; works were also 
organized relative to the planet Eros, discovered in 1899, and which, because of 
the unique peculiarities of its orbit, offers an important field of international co- 
operation. 
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“ 


The necessity ot another meeting of the permanent committee is clearly seen 
from the reading of the articles on the proposed program. Important progress 
has been made for the chart as well as for the catologue, whether from the point 
ot view of the advancement of the work, or in the purely scientific order. A num- 
ber of points can be settled, a number of questions can be asked and answered. 
Among these questions, more than one has taken shape from the researches rela- 
tive to Eros, and from this point of view the introduction into the international 
work of the chart of the heavens of the works concerning the planet has had the 
happiest results. And it clearly appears that the committee ought not only. to 
concern itself with the completion of the work undertaken in 1900 concerning 
Eros and the solar parallax, but that it seems fitting to continue on their program 
the study of Eros in the future. 

In 1900 the planet approached the Earth at a distance equal to a third ofthe 
mean distance from the Earth to the Sun; in 1931 it will approach twice as near, 
the distance reaching only a sixth of that from the Sun to the Earth. This 
fact will allow, by carefully combined action, of determining the parallax of the 
Sun to within about one ten-thousanth of its value 

Sir David Gill, in his presidential address to the British Association in 1907, 
called attention to the fact that “it is now and not twenty years from now 
that our preparation must be begun. It is now that we must study the origin 
of those systematic errors which, without any doubt, are connected with some 
of our photographic processes. The planet will trace such a long course in the 
heavens in 1931 that it is desirable, from this present time, to agree on the 
choice of the stars of reference for Eros, so that the principal observatories in the 
world may participate in their observation.”’ 

I will add that the researches relative to the systematic errors would have 
been brought about by the construction of the international photographic cata- 
logue itself, if the stars of reference had been betterknown. In improving the ob- 
servations and their reduction, the studies relative to Eros will bring about an 
appreciable increase in the precision of the catalogue. 

It seems manifestly impossible to leave the work of the meeting in all its ex- 
tent to the chance of the discussions of a general assembly. It will be best to 
divide the work among several committees, which will not only permit of dis- 
cussing in detail all the questions to be considered, but also of bringing together 
on each committee the astronomers who are most competent on each particular 
point. The proposition of the five committees, A, B, C, D, E, will be submitted to 
the deliberations of the permanent committee. 

The plan of work enclosed with this letter was prepared by Sir David Gill. 
The apportionment of the questions among five committees, each one of which 
will be in session the first days until the completion of its program, will doubt- 
less permit these committees to complete their work before Saturday, April 24, 
and to leave ample time for the final discussions. 

The permanent committee should be completed; it now numbers only six 
members instead of the eleven elected. In reconstituting it there will be need of 
considering at the same time the completion of the work for the chart and the 
catalogue and of the work on Eros. The reunion will decide whether there is oc- 
casion to form later a permanent committee on Eros for conducting the prepar- 
ation of future observations of this planet, or whether it will be expedient to 
leave to the office of the permanent committee, according to the 4th article of 
the regulations, the care of forming this committee and of centralizing the work. 

In order to facilitate the preparation of the work for the reunion of April 19, 
I have the honor of expressing the following wishes 











194 





General Notes 





a, That each one of the observatories which have up to this time co-operat- 
ed in the work of the permanent committee prepare a report ending with Dec. 
31, 1908, relative to the matters indicated in division I of the program; 

8. That each astronomer who is able to take part in the completion of the 
zones, either by obtaining plates for the catalogue or for the chart in the unfinished 
zones, or by the measurement of the plates or their reduction, state precisely the 
possibility of lending his aid in the completion of the program of the conference 
of 1887; 

y. That the astronomers who have co-operated in the observations of Eros, 
or in their discussion, prepare reports in accordance with division VI « of the 
program. 

6. That all these reports, and especially those included under heading a, be 
sent to me early enough so that I may receive them before April 1st, 1909, thus 
leaving me sufficient time to have them printed and sent out to the astronomers 
before the reunion. 

The President of the Committee 


B. BAILLAUD. 


Program forthe Reunion of the International Committee of 
the Chart of the Heavens. Paris, April 19-24, 1909. 


I. Presentation by the President of the reports from the directors of the 
participating observatories on the progress of the work in so far as it 
touches the following points: 


a. Number of plates obtained 

b. Measurement of the plates 

c. Reduction of the measurements 

d. Publications of the results | 
e. Number of plates obtained | 
f, Reproduction of the plates f 
g. Propositions for co-operation on the part of new observatories or of 

scientific institutions. 


Catalogue. 


Chart. 


To the headings a, b, c, d, e, f, will be added respectively the following: 

a’, d’, Table indicating the centers of plates obtained, measured, re- 
duced.—Presentation of the measurements published, or partial results 
of the measurements, or, in the case of observatories of recent col- 
laboration, presentation of specimens of their plates; 

b’. Written statement (or reference to published information) of the 
methods used for the measurements, mentioning especially whether 
all the plates were measured in two opposite positions, at 180 
the one from the other ; 

c’. Written reports (or reference to printed information) on the com- 
parisons, if any have been made, of the positions of stars, deter- 
mined in an independent manner by the joining of plates, with 
the results deduced from the measurements as concerning : 

(a), The probable error; (8), The systematic difference depending on the 
distance from the center of the plate, or on the angle of position 
related to this center.—Information on the subject of magnitudes ; 

ec’. Presentation of specimens of plates of the chart ; 

f’, Presentation of reproduction of plates of the chart ; 











General Notes 





CoMMITTEE A 
(State of the work) 


1I.—To appoint a committee (meeting every morni 





to prepare a report 
a. Un the state of advancement of the work in general 


b, On the measures which might be proposed for improvit 


g or accelerat 
ing the work (s). 
COMMITTEE B 
( Magnitudes) 
III.—To appoint a committee (meeting every afternoon) to draw up a report 
a’. On the method to be employed for the nversion of the measure- 
ments of diameters or the magnitudes estimated provisionally into 
a uniform system of magnitudes for all the stars contained in the 


Same zone ; 





b’. On the methods to be used for assuring the yrmity and exacti 

tude of the systems of magnitude in the different zones 
COMMITTEE C 
(Optics) 
IV.—To appoint a committee (meeting every afternoo *o prepare a report 

a. The origin, or the probable origin of . t systematic photographic 
errors in the coordinates measured on some plates, depending on 
the magnitude of the star 

b. The general sources of optical distortions d pending on the angle of 
position and on the distance from the center of the plate; these dis- 
tortions being due to defects in the ective to the imperfect 


coincidence of the axis with the center of the p] te, to the errors of 
centering within the objective, to the errors produced by the inclina- 
tion of the plate, etc.; and the best means of avoidi ig such errors 
in the future, and of bringing to light and eliminating the effects 


ot these errors in the plates already measured 


CoMMITTEE D 


(Fundamental stars 
Y.—To appoint a committee (meeting in the afterno feach day 
a. To search out and indicate the best t ls of determining the de- 
finitive positions of the fundamental stars used for the purpose of 
deducing from them the absolute positions of the stars photo 


graphed on the plates ; 
». To examine the origin of the stellar posit tilized in the prelimi- 
nary reduction of the plates of each zon 








c. To study the means of coordinat the stell sitions used in the 
different zones and of determining tl syste tic corrections 
necessary for bringing everything together into a uniform and 
absolute system. 

COMMITTEE E 
(Eros 
V1.—To appoint a committee (meeting the morning of each day 
a. To receive reports submitted on the actual state of the reductions of 


the observations taken of the planet Eros and to prepare 
on this subject ; 
b. To study the arrangements to be made for the preparation at 
early date, and starting with existing ta, of a preliminary 
ephemeris of Eros for the epoch of its opposition in 1931, of suffi- 
cient precision to allow the choice of the comparison stars ; 
c. To make a preliminary statement of the met] 


a report 


an 





ods of observation which 
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should be employed and of the precautions which there might be 
occasion to take in order to avoid all systematic errors in the ob- 
servations of Eros in 1931 ; 

d. To discuss and establish the bases of choice of the comparison stars 
for the opposition of Eros in 1931; and the present and future 
measures to be taken for securing with the greatest possible pre- 
cision the definitive determination of their positions and _ their 
proper motions ; 

e. To propose means for the regular observation of the planet from the 
present time and as far ahead as possible, so as to perfect the 
ephemeris which will finally be used for the definitive reduction of 
the observations in 1931, 7. e. for the direct determination of the 
solar parallax and of the mass of the Moon, as well as for the 
ulterior determination of the mass of the Earth by means of the 
perturbations which it produces on Eros 

VII. Questions not entering into the special programs of the committees 
A. B,C, D, B. 

If such questions were raised, there would be occasion to ask, either the 
permanent committee, or the committee on Eros, according to the 
nature of the subject, to decide whether these matters should be: 

a) adjourned ; 

b) sent back to one of the committees already named ; 

c) discussed in committee of the whole ; 

d) or treated in a special committee. 

VIII. Presentation and discussion of the reports of the committees and adop- 
tion of the final resolutions. 





Schnell Astronomy. This new book claims to be a ‘treatise on the origin 
of the planets and daylight by vibration.”’ It tries to explain what the planets, 
moons and comets exist for, to show a working method of the entire solar 
system, and to explain the object and use of all the heavenly bodies that 
hitherto have been unexplained. 

When we read the preface of this new book consisting of one page, and 
learned from it how its author, Albert Frederick Schnell, explains these great 
problems in astronomy, that Newton, Laplace, Gauss, Lagrange, Herschel, 
and all the rest of the list of great astronomers that have lived during the 
last four hundred years, have worked upon for our science, the pretensions of this 
author are simply amazing. 

Such boldness and assumption can only come from a lack of knowledge of 
the simple elements of astronomy to say nothing of common sense in the com- 
mon uses of elementary scientific knowledge. 

The book is full of glaring errors that a common student of astronemy will 
see on casually turning its leaves 

It is a pity that the science of astronomy has not the power of some kind 
of a censorship over publications of this kind that would suppress them before 
they cause a waste of paper and printer’s ink and do the harm of misleading 
people who would like to know the truth about these interesting things in 
astronomy which they can only, or largely, get from good popular books that 
are being written constantly for this very purpose, by eminent persons who are 
qualified to do this kind of work truly and well. 





Mr. W. F. Carothers of Houston, Texas, would be glad to have observa- 
tories issuing bulletins of research work communicate with him as he wishes to 
subscribe for the bulletins issued 





Errata. February number, p 126. Line 6 from the bottom, note ¢c should 
read: Fixed; average of measures. Line 7 from below note b should read: These 
give for 1907.21: 99°.5, 0.3. In Table lI, third line from the bottom of the 
table, instead of 10588, 8155 A & B, read 12125, 81147. Between this 
line and the preceding supply: 10588, 8155 A& B, 1898.46, 20".47".2AS., 50° 
58’, 6 5, 7.4,27°.3, 0”.76, Doo 3n. In the preceding line, for the time of the 
measure of B and C 110091, 02403, supply 1898.62. 








